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FOREWORD 


This technical rep<irl presents the results of an Advanced Space Kneine Study. Tlie study was conducted by 
the Pratt & Whitney Government Kngines & Space Propulsion Division of the United Technologies Corporation 
for the National Aeronautics and Space Administration, Lewis Research Center, under Contract NAS3-2.^H5S, 
Task Order D.4. 

The study was initiated in November 1988 and completed in January 1990. Mr. Paul Richter was the 
NASA Task Order Manager. The effort at P&W was carried out under Mr. James R. Brown, Program Manager, 
and Mr. Arthur I. Masters, Engineering Manager. Other individuals providing signilicant contributions in the 
preparation of the report were Donald E. Galler, Todd E. Denman, and Ricky A. Schied — System Performance 
Analysis; James R. Black and Aaron R. Eierstein — Heat Transfer; Gale E. Clark — lAimp Design; and Bruce 
R. Branstrom — Turbine Design. 
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SECTION I 

INTRODUCTION AND SUMMARY 


INTRODUCTION 

NASA mission studies have identified the future need for a new Space Transfer Vehicle (STV) Propulsion 
System. The new system is to be an oxygen/hydrogen expander cycle engine of 7,.‘S(M) to .S(),(K)() lbs thrust or 
more, and must achieve high performance via efficient combustion, high combustion pressure, and high area 
ratio exhaust nozzle expansion. The engine is likely to require wide versatility in terms of such characteristics 
as throttleability, operation over a wide range of mixture ratios, autogenous pressurization, and in-flight engine 
thermal cirnditioning and vehicle propellant settling. Firm engine requirements will include: long life, man-rating, 
cost effective reusability, space basing, and fault-tolerant operation. 

A design and analysis study was conducted to provide advanced engine de.scriplions and parametric data 
for STVs. The study was based on an advanced oxygen/hydrogen engine in the 7,51X) to ,‘i(),()()() Ibf thrust 
range. Fimphasis was placed on defining requirements for high performance with engine systems capable (h 
achieving reliable and versatile operation in a space environment. Hngine system requirements and goals are 
listed in Table I. 

The study was divided into three technical tasks. In the first task several expander cycle variations were 
compared from the standpoint of their applicability to a new space engine. Parametric performance, weight and 
envelope data were then prepared for the selected cycles. Under the second task, the .selected cycles were used 
to investigate requirements for wide range throttling (20:1) and high mixture ratio (O/F = 12.0) operation. Tlie 
third task was to conduct reviews and coordinate performance of the work. 

CYCLE COMPARISON STUDY 

Four expander cycle variations were evaluated with respect to their applicability to an STV-type engine, i.e., 
the full- , or single- , expander cycle; the split-expander cycle; the dual-expander cycle; and the full-expander 
cycle with a regenerator. The four cycles were compared on the basis of: (I) maximum achievable chamber 
pressure, which translates to engine performance, weight, and envelope, (2) system complexity, i.e., number ot 
components, severity of cycle cemdition, technology availability, and program risk (3) throttling capability, and 
(4) high mixture ratio operation. 

The comparison of maximum achievable chamber pressure was based on technology which was judged to 
be readily available by the mid-1990s and included two thrust chamber cooling methods — copper chambers 
with milled channel construction and tubular copper chambers. TThe results are shown in Figure I for the 
tubular copper thrust chambers. Based on the assumption of equivalent technology, the full-expander cycle 
with regeneration was found to have the highest chamber pressure capability. Tlie maximum pressure with the 
split-expander cycle was near that of the regenerator cycle at thrust levels above 2.S,(KX) lbs, but dropped oft 
at low thrust. The reduced capability was due to cooling limits, not available power. The dual-expander cycle 
shows good chamber pressure capability at low thrust, but is the lowest of the four cycles over the range of this 
study. Copper tubular thrust chambers were shown to provide a signiticant improvement in achievable chamber 
pressure over milled channel chambers. 

On the basis of system complexity, the lull expander cycle has the fewest components, the least severe 
design requirements, and is the most proven. Tlie extra heat exchangers and oxidizer environment in the oxidizer 
turbine make the dual-expander cycle clearly the most complex. Tlie split-expander cycle and full-expander cycle 
with regeneration were judged to be equal in complexity and slightly more complex than the full-expander cycle. 

The primary difference in throttling and high mixture ratio operation between the four cycles is in the 
ability to provide adequate thrust chamber cooling and acceptable turbine inlet temperatures over the range of 
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TABLE 1. — KNGINH SYSTEM REQUIREMENTS AND GOAI.S 


Propellants 
Vacuum Thnist 

Vacuum Thrust Throttling Ratio 
Vacuum Specific Impulse 
Engine Mixture Ratio 

Chamber Pressure 
Drive Cycle 
Dimensional Envelope 
Length (stowed/extended 
Diameter (maximum) 

Mass 

Nozzle Type 

Nozzle Expansion Ratio 
Propellant Inlet Temperature 
Hydrogen 
Oxygen 

Inlet Net Positive Suction Head 
Hydrogen 
Oxygen 

Design Criteria 


Service Life Between Overhauls 
Service Free Life 
Maximum Single Run Duration 
Maximum Time Between Firings 
Minimum Time Between Firings 
Maximum Storage Time in 
Space 

Gimbal Requirement 
Pitch Angle 
Yaw Angle 

Acceleration (Maximum) 
Velocity (Maximum) 

Start Cycle 


Liquid Hydrogen 
Liquid Oxygen 

7,500 Ibf to 50,000 Ibf (Study Range) 

10:1 

m 

6.0 (design point at Ml thrust) 

5.0 — 7.0 (operating range at full thrust) 
« 

Expander 


Bell with not more than one 
extendible/retractable section 
End of regen section to 1200 (Study Range) 

37.8 R 
162.7 R 

15 ft-lbf/Ibm at Ml thrust 
2 ft-lbf/lbm at Ml thrust 
Human Rated 
Aeroassist Compatible 
Space Based 

500 Starts/20 Hours Operation ((k>al) 

100 Starts/4 Hours Operation (Goal) 




♦ ♦ 


• Engine Parametric Study Results 
** Vehicle/Mission Study Resulta 


conditions required. The split expander cycle was found to have a significant advantage over other cycles for 
throttled and high mixture ratio operation. 

On the basis of this comparison, the split expander and full expander cycle were selected as the cycles to 
be used for preparation of the parametric data. These data are presented in Appendix A of this report The 
split expander cycle was selected as the baseline cycle for the throttling and high mixture ratio operation study. 
Secondary consideration was given to throttling the full expander cycle with regeneration. 

THROTTLING AND HIGH MIXTURE RATIO OPERATION 

The basic requirements for wide range throttling and high mixture ratio operation are; (1) achievement of 
high combustion efficiency over a wide thrust and mixture ratio range without excessive system pressure drop 
and complexity, (2) the ability to adequately cool the thrust chamber over the wide range of conditions required, 
(3) achievement of wide range control without undue control system complexity, and (4) pump flow stability 
and avoidance of turbine flow separation at low flowrates. 
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A number ol design features were idenlitied for meeting these requirements; (hey consisted ol; 

• Dual-orilice injection to provide acceptable pressure drop and high combustion elliciency over the wide 
range of fuel and oxidizer Hows required (Figure 2) 

• Use of the split-expander cycle to provide extra cooling capability for off-design operation 

• Novel control schemes to provide increased cooling capacity at off-design conditions 


• Inducer-interstage struts and flow recirculation to provide off-design point pump stability 


• Use ol the split-expander cycle to reduce the turbine flow variation Irom full tlirust to minimum thrust 
and, thereby, inhibit turbine flow separation at low thrust. 


Maximum 
Chamber 
Pressure - 
psia 



Figure 1 . Comparison of Achievable Chamber Pressure for Four Cycles Using Tubular Copper Thrust Chambers 
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SECTION II 

DESIGN AND PARAMETRIC ANALYSIS 
EXPANDER CYCLE COMPARISON 

The high-performance, oxygen-hydrogen expander cycle engine has been selected by NASA as the baseline- 
propulsion system for the Space Transfer Vehicle (STV). As a part of this study, a comparison of four expander 
cycle variations: the lull-expander, split-expander, dual-expander, and full-expander with regeneration was 
conducted. Study results have provided advanced engine descriptions and parametric data for NASA’s STV 
contractors. 

In preparing these data, a technology level consistent with the early-to-mid I99t)s was established as a 
baseline and is described below. The attainment of a given chamber pressure in an expander cycle engine is 
highly dependent upon this assumed technology level as well as the degree to which the cycle is oplimi/.ed. 
Definition of the technology level for any study is always subjective. Although some assumptions may be revised 
as technology develops, moderate changes are not expected to compromise the validity of the cycle comparison. 

Baseline Engine Parameters 

( 1) Heat Transfer 

• Milled channel copper chambers and tubular copper chambers 

• Haynes 230 tubular nozzles for high material strength and high-temperature operation 

• Regenerative-cooling to an area ratio of 210 to I for the full- and split-expander 

• Regenerative -cooling to an area ratio of 4(K) to I for the dual-expander 

• Maximum thrust chamber wall temperature of I460°R. 

( 2) Pumps 

• Fuel pump bearing bore diameter x speed (DN) of 3.0 x It/’ rpm-mm 

• Maximum pump tip speed of 21(Ki ft/sec 

• Shrouded impellers. 

( 3) Turbines 

• Back-to-back vaneless main turbines (except for dual-expander cycle) 

• Maximum turbine tip speed of 2(K)0 ft/sec 

• Shrouded turbine blades. 

Two thrust chamber cooling concepts were used in the baseline study: conventional milled channel copper 
thrust chambers and tubular copper thrust chambers. The tubular chamber provides an estimated 1 8 percent heat 
transfer chamber enhancement over the grooved chamher due to the increased hot wall surface area. 

The pump bearing DN limit (product of diameter and speed in rpm-mm) was set at 3.0 million lor the 
hydrogen turbopump and 1.4 million for the oxygen turbopump. Based on Ib-att & Whitney’s (1‘&W) demonstrated 
capability in the Space Shuttle Main Kngine Alternate Turbopump Design and Xl.R-129 high-pressure engine, 
current DN limits are 2.4 million for ball bearings and 2.7 million for roller bearings in hydrogen and 1.4 million 
for bearings in oxygen. Previous P&W studies have indicated that 3.0 million DN for hydrogen is adiievable 
with modest development. Although higher effective DNs arc possible with hydrostatic bearings, higher speeds 
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complicate the pump design and drive the turbine toward partial admission (lower eltidency). The eliect of 
turbopump speed was evaluated independently at 25,(XK)-pounds thrust in the lull-expander cycle. 

Vaneless back-to-back, oxygen-hydrogen turbopumps are the baseline design for all cycles except the dual- 
expander cycle. Back-to-back turbines must operate with a single turbine drive and could not be applied to the 
dual-expander cycle. A discussion of each cd the engine cycles and some compi)nenl evaluations, which were 
also conducted, is contained in the following sections. 

Turbopump Configurations 

High turbopump efliciency is an important requirement for attaining high chamber pressure. One important 
issue is partial-admission versus lull-admission turbines. The RLIO expander cycle engine initially had a partial 
admission turbine (approximately 120° admission), however, beginning with the RT10A3-3, the RLIO has used 
a full-admission turbine with a total-to-static efficiency of over 80 percent. A parameter used in turbine design, 
specific speed, illustrates the maximum obtainable efficiency and the optimum type of turbine. Figure 3 presents 
a specific speed efliciency curve. The STV cycle requires a high specific speed and a 2-stage, full-admission 
configuration to provide high turbine efficiencies. 

Another issue investigated was turbine configuration. Back-to-back, counter-rotating, oxygen-hydrogen 
turbopumps were selected lor the parametric study on the basis of their high turbine efficiency and compact 
packaging. A schematic of the concept is shown in Configuration A of Figure 4. Such configurations are not 
unique; they have been used for some time in gas turbine lurbofan engines, but have not as yet been used in 
rocket engine turbomachinery. The configuration eliminates turbine-to-turbine pressure drop and decreases the 
inlet and exit guide vane losses. Tlie configuration also provides a weight reduction by eliminating one turbine 
housing and inter-turbine ducting. 

During independent component design studies conducted by P&W, analysis indicated possible rotor dynamic 
instabilities with some fuel pump configurations. Development of suitable damping techniques appears practical, 
but an alternative approach is use of a split rotor fuel pump driven by back-to-back turbines as shown in 
Configuration B of Figure 4. Tliis configuration provides much shorter fuel turbopump shaft length for improved 
rotor dynamics at the expense of some of the weight and performance advantages of Configuration A. 

Full-Expander Cycle 

In the full-expander cycle, depicted in simplified form in Figure 5, fuel is pumped to a high pressure and 
used to cool the chamber and nozzle assembly and drive the turbopumps. Tlie gaseous fuel is then injected into 
the main chamber to mix and burn with the liquid oxygen. 

An advantage of any expander cycle engine is the relatively benign turbine environment compared to the 
staged combustion or gas generator cycles. The expander cycle also has lower turbopump discharge pressure 
requirements than the staged combustion cycle and higher performance than the gas generator. An expander 
cycle engine is accepted as a simpler, safer, more reliable propulsion system, having fewer failure modes than 
other cycles. Tlie expander engine, of which the RI40 is an example, is a flight-proven concept. 

The full-expander cycle relies on heat transferred from the chamber and nozzle to provide the energy 
required by the turbopumps. At tow design thrust levels, the energy available in the cycle is sufficient to provide 
high chamber pressure levels. However, as design thrust increases the maximum achievable chamber pressure 
declines, as shown in Figure 6 for both copper tubes and milled channel copper chambers. Above an engine 
design thrust of 35,000 pounds, full-expander cycle engine chamber pressures are limited to Just under 1500 
psia based on the assumed technology level. 
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Throttling the rull-expander cycle through the desired 20 to 1 range presents some dillicult design cliallenges. 
Using the entire fuel How lor cooling, as thrust levels decrease, the coolant exit temperatures increase. Higti 
mixture ratio operation also presents a cooling problem for the full-expander cycle. The reduced fuel How at 
the higher mixture ratios increases the chamber w'all temperatures, reducing the chamber design life. These 
limitations can be partially offset by reducing combustor length, use of overcooling at the design point, or 
bypassing part of the Ilow at the design point and using all of the How at off-design. However, these approaches 
introduce additional system complexity and cycle losses. 

Overall, the full-expander cycle meets STV propulsion system requirements, but cooling requirements for 
throttling and high mixture ratio operation would either limit operation in iliis regime, require cycle compromises, 
or require added control provisions. 

Split-Expander Cycle 

In the split-expander cycle, shown schematically in Figure 7, a portion of the fuel bypasses the chamber 
and nozzle coolant passages and most of the turbomachinery. The split-expander retains the advantages of 
the full-expander discussed earlier and offers an additional benefit. With approximately half of tlie fuel Ilow 
routed from the Ist-stage pump discharge directly to the injector, the lurbopump horsepower requirements for 
the split-expander cycle in a typical STV cycle are decreased by approximately 15 to 25 percent. 

Tlie energy available in the split-expander cycle is the same as the full-expander cycle for a given thrust 
and chamber pressure level. However, since the horsepower requirements of the turbopumps are less, the split- 
expander cycle can achieve higher chamber pressure levels at the same technology level. As sliown in Figure 
8, the split-expander cycle with a tubular copper chamber can achieve engine chamber pressures above 1500 psi 
at engine thrust levels of 12,000 to over 50, 000 pounds. The maximum chamber pressure is approximately 150 
psi higher with tubular chambers than milled channel chambers. 

At thrust levels below 25,000 pounds, the maximum chamber pressure with the split-expander begins to 
drop. Tliis decline is due to thrust chamber cooling requirements rather than cycle limitations. The decline could 
be avoided by reducing the fraction of cooling jacket bypass Ilow, however, signiticant reduction in the design 
point bypass Ilow would reduce the inherent advantages of the split-expander for off-design operation. 

The ability to regulate chamber and nozzle coolant Ilow during engine throttling and high mixture ratio 
operation is an important benelit of the split-expander cycle. Because of the reduced coolant Ilow at full thrust, 
the coolant exit temperature of the split-expander is higher than the full-expander. As will be discussed later, the 
coolant exit temperature of the full-expander cycle rises as the engine is throttled. By using the split-expander 
jacket bypass valve (JBV) to increase the percent of coolant How, the coolant exit temperature can be decreased 
up to a point during throttling. At some fraction of rated power, 30 percent in the case studied, the .IBV is 
completely closed and the cycle operates like a full-expander. However, because the cHH)lant passages for the 
split-expander are designed for a lower Ilow at rated power, the combustor wall stabilizes at a lower lempc'rature 
during deep throttling, as shown in Figure 9. The full-expander curve shown in that figure is for a case that 
has not been optimized for cooling at throttled conditions. Tower temperatures can be obtained, but not without 
some compromise to the design point or increase in control system complexity. 

High mixture ratio operation is also enhancetl with the split-expander cycle. Using the .IBV to increase 
the percent of coolant How, the split-expander cycle is able to operate at higher mixture ratio levels with a 
lower combustor wall temperature. Figure 10 shows the cooler copper tube wall temperature attained with the 
split-expander cycle compared to the full-expander cycle. The difference in wall temperatures at the design point 
is because the data are for a throttled 1000 psia condition. For a thrust chamber that has been designed at an 
O/F of 6.0, 1000 psia is the highest chamber pressure that can be achieved while limiting the maximum hot wall 
temperature in the chamber to lObO'^R (the blanching limit). 
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Tlie lull-expander cycle wall leinperalures, which were shown in Figure 10, do nol represent an optimized 
cooling scheme for high mixture ratio operation. Tliis optimization cannot be accomplished, however, without 
signiticant cycle penalties at normal operation. Low wall temperatures are essential at high mixture ratio operation. 
The maximum wall temperature range lor prevention of copper oxidation is 1060 to I260°R without coalings. 
Use of coalings could reduce Ihe wall temperalure, but reliable coalings are not currently available and any 
coating will reduce Ihe overall heal transfer anti the available cycle power. 

The split-expander cycle is an untested concept, but is based on fully understood lluid dynamic and 
thernuxlynamic principles. The split-expander cycle offers an attractive alternative to the full-expander cycle, 
meeting ,STV requirentents over the desiretl thrust range, and greatly simplifying throttling and high mixture 
ratio operation. 

Dual-Expander Cycle 

Another variation of the expander cycle is the dual-expander cycle shown in Figure 11. The dual-expander 
cycle uses all the fuel How to cool Ihe chamber and drive the fuel turbopump. Oxygen is vaporized in the nozzle 
or an auxiliary heat exchanger and subsequently used to power the oxidizer turbopump. This cycle offers several 
advantages over both the lull- and split-expander cycles. The oxygen turbopump does not require a special 
interpropellani seal package between Ihe pump and turbine sections. Tlie availability of gaseous oxygen at all 
thrust levels, simplifies the task of maintaining combustion stability during throttling. Separate turbine drive 
Iluids simplify mixture ratio control, but add complexity to transient control. 


For a given thrust and chamber pressure level, Ihe energy available to the dual-expander cycle is the same 
as both the full- and the split-expander cycles. Tlie turbopump horsepower requirements and the fuel pressure 
level are comparable to the full-expander. Heeause oxygen is less efficient as a turbine working lluid, and there 
is less llexibility in the split in turbine available energy, the dual-expander cycle is more pressure limited than 
the other cycles. Figure 12 shows Ihe maximum chamber pressure attainable with Ihe dual-expander cycle for 
both copper tubular and milled channel combustion chambers. 

Above an engine thrust level of approximately 2(),0(K) pounds, the dual-expander cycle cannot achieve 
chamber pressures above 1200 psia without use of regenerators or internal heat exchangers to provide additional 
energy to the cycle. While regeneration is possible, the achievable pressure would always be lower than with the 
same enhancements in a full-expander cycle except at low thrust (below 75(X) ptrunds). At low thrust, expander 
cycles are limited by the hydrogen temperature out of the cooling jacket; allowing the oxygen to absorb a portion 
of the energy increases the total energy available witliin Ihe temperature limit. 

Using liquid oxygen to cool the nozzle also provides a source ot gaseous oxygen to supply tank pressurant 
and promote combustion stability during deep throttling, negating the need for a variable area injector or a 
separate heal exchanger. However, experience has shown that achieving good mixing with gaseous luel and 
gaseous oxidizer over a wide range of conditions is difficult, and combustion efficiency may suffer at throttled 
or high mixture ratio conditions. 

lake the split-expander cycle, the dual-expander cycle is an untested concept. Tlie dual-expander cycle 
differences from Ihe proven full-expander cyele also are based on understood fundamental fluid dynamics and 
thermodynamics. Technology questions, such as turbine material characterization in gaseous oxygen and control 
during deep throttling and high mixture ratio operation, need to be addressed. Despite its pressure limits at 
nuxlerale thrust and more complex operation compared to other expander cycles, Ihe dual-expander remains a 
candidate for the STV, but primarily at low design thrust levels. 
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Regenerators and Enhanced Heat Transfer 

A higher chamber pressure al liigher thrust levels can be achieved through use ol' a regenerator or enhanced 
thrust chamber heat transfer in the full-expander and dual-expander cycles. Tlie split-expander cycle can also 
benefit from enhanced heat transfer, but the lower chamber coolant Hows do not provide adequate cooling when 
greatly enhanced heat transfer is used below 5l),()()()-pounds thrust. The function ol a regenerator is ti) increase 
the available turbopump power by recovering heal downstream of the turbines and using it to preheat the fuel 
before cooling the thrust chamber (Figure 13). Hnhanced chamber heal transfer increases the available power to 
the turbines and can be achieved by using tinned cooling tubes and ribbed chamber walls. 

The upper limit chamber pressure for the full-expander cycle with regeneration is shown in Figure 14. The 
enhancement ol the full-expander cycle with the addition of a regenerator, provides a signilicani increase in 
chamber pressure over the entire thrust range. 

Cycle Selection 

Figure 15 compares the lour cycles studied on the basis of copper tubular thrust chamber construction. Figure 
16 shows the same comparison using a milled channel copper chamber instead of tubular copper chambers. The 
full-expander cycle with regeneration produces higher chamber pressure levels, but the higher coolant temperature 
at the design point aggravates the already difticull job of cooling al throttled or high mixture ratio operation. 
F,nhanced chamber heat transter accomplishes the same results, but also raises the same concerns. Hypassing the 
regenerator at off-design conditions partially alleviates this problem. 


On the basis of this comparison, the full-expander cycle with regeneration was judged to have the highest 
chamber pressure capability over the range ol thrust considered. The capabilities of the spht-expamler cycle 
and full-expander cycle without regeneration were only slightly lower over nuxst of the tlmisl range. The split- 
expander cycle was found to have unique advantages for throttled and off-design operation. The full-expander 
cycle with regeneration and the split-expander cycle were therefore selected as the cycles for developing the 
parametric data. Tlie .split-expander cycle was selected as the ba.seline for the throttling and high mixture ratio 
evaluation and the full-expander cycle with regeneration was given secondary consideration. 

PARAMETRIC DATA 

Kngine parametric performance envelope and weight data were generated over the range ol design point 
parameters studied (Table 2). The data are presented in graphical form in Appendix A. All data are for an 
oxidizer/fuel (O/F) ratio of 6.0. 

TABFF: 2. — ADVANCFD FNGINF STUDY RANGF OF DKSIGN POINT PARAMFTFRS 


Vacuum I'hrusl 7500 to 50.(X)0 Ihl 

('hamber Pressure 1000 psia to cycle limit 

Expansion Ratio Regenerative terminus [o 1200 


The upper limit chamber pressures presented in the “cycle selection” section ranged from 1040 to 1940 psia 
lor the various cycles and thrust levels investigated. Tliese limits are m)t ab.solute, but rather are relative limits 
ba.sed up<tn the assumed technology level chosen for this study. Chamber pressures above 2000 psia appear 
possible for most cycles at most thrust levels (refer to the “Higher Chamber lYe.ssure Requirements” section). 
However, an upper limit ol 2000 psia was selected lor developing the parametric data. 41ie lollowing paragraphs 
dexscribe the methodology used to produce the parametric data. 
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Performance 


In calculating the predicted impulse, an ideal impulse was calculated, and then eriiciencies were applied 
to the ideal impulse to account lor various losses. These losses include energy release losses, kinetic losses, 
divergence losses, and boundary-layer losses. 


Tlie ideal predicted impulse was calculated with the NASA one-dimensional chemical equilibrium computer 
code (ODH) analysis using engine inlet lluid enthalpies. For this analysis, an adiabatic assumption was employed 
with the control volume encompassing the engine. Tlie propellants enter the control volume at the engine inlet 
and exit the control volume at the nozzle exit plane. The energy release losses are accounted lor by applying a 
cH)nibustion elliciency to the ideal impulse. For this study, a constant combustion elliciency ol 0.992 was used 
which is based on performance expected with tangential swirl injectors. Tlie remaining losses are accounted for 
by applying a nozzle efficiency to the impulse that has been corrected for energy release losses. For this study, 
a constant nozzle elliciency of 0.9S2 was used which is based on a maximum payload truncated bell nozzle. 


A comparison was made between the method ol perlormance prediction used in this study and experimental 
data presented in Table 3 (ref. 1). To make a valid comparison between the predicted and measured performance 
a few assumptions were made. First, the combustion efficiency {rjC*) that was calculated from the experimental 
results was used in calculating the predicted performance rather than the constant combustion elliciency that 
was used in the study. 


Second, typical cryogenic engine inlet propellant conditions were used to calculate the ideal specilic impulse 
instead of using the measured injector inlet conditions (ref. 1). Tlie second assumption was made so as 
to maintain the validity of the adiabatic assumption that was used in tliis study. During the experimental 
performance measurements, the propellants were not maintained at cryogenic conditions, but were heated to 
ambient temperature by the atmosphere. Also, as the propellants were combusted and expanded, heat was 
removed by the water jacket that surrounded the throat region and the heat retaining capacity ol the metal. The 
ambient heat addition to, and the water jacket heal removal from, the propellants tend to olfsel one another, 
thus validating the adiabatic assumption. 


As shown in Figure 17, the comparison shows best agreement around an O/F of 5.0 for the 1030 t<i 1 area 
ratio and best agreement around an O/F of 4.0 for the 42S to I area ratio. The difference between the predicted 
and experimental performance at the lower mixture ratios is probably due to the reduction in heat Ilux at lower 
mixture ratios while the ambient heat addition remains constant. 


Tlie chamber pressure levels from the experimental cases are much lower than those investigated in this 
study. The study (ref. 1) indicated that a laminar boundary layer assumption showed the best agreement with 
the experimental data. Flowever, subsequent studies by NASA Lewis (ref. 2) indicate that for liigher chamber 
pressure levels (360 to 2600 psia) a transitional boundary layer occurs. Although no performance data were 
presented, the transitional boundary layer would probably be detrimental to performance. 


The parametric analyses show that thrust level has no effect on vacuum specilic impulse while chamber 
pressure has very little effect, i.e., less than 1 second increase in going Irom a chamber pressure ol 1000 psia 
to 2()(M) psia (Figure 18). Area ratio is the biggest driver of specific impul.se. An area ratio above 900 would 
be required to achieve a 4H0 sec vacuum Isp based on the current data. 
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TAMI,K 3. — COMPARISON OF !>&W PRHDICTHI) PhRFORMANCh WITH MHASURHI) 

pf:rformanck {is,,,,,) for thf; nasa lfwis 1030 to i arfa ratio no//i,f (rff d 


Readhif* 

AR 

rVAC 

rc 

0/1 


/ \pttt 

/ / i 

112 

1030. 

544.4 

360.0 

3.84 

456.1 

468.9 

0.973 

113 

1030. 

541.6 

356.9 

4.36 

457,7 

460.4 

0.994 

114 

1030. 

552.3 

360.9 

5.08 

459.2 

451.9 

1.016 

115 

1030. 

550.4 

355.3 

5.49 

458.6 

449.7 

1 .020 

117 

1030. 

531.5 

356.2 

3.19 

451,8 

473.4 

0.954 

120 

1030. 

546.1 

355.2 

4.30 

457.7 

466.1 

0.982 

121 

1030. 

552.9 

360.0 

4.11 

457.7 

473.6 

0.966 

123 

1030. 

534.3 

355.2 

3.19 

451.8 

481.1 

0.939 

124 

1030. 

536.4 

361.4 

2.78 

447.4 

481,3 

0.929 

125 

1030. 

541.0 

354.0 

3.74 

455.6 

477.8 

0.953 

136 

428. 

500.9 

345.6 

3.04 

446.7 

462.3 

0.966 

137 

428. 

531.6 

356.8 

4.29 

453.3 

452.6 

1 .002 


Notes: 

^*^Ispc was calculated using one -dimensional equilihrium (with l-ngine liilei l'ntlial[>ies ). a 
constant nozzle elliciency (0,982). and the experimentally determined 


Engine Envelope 

Kngine overall lengths and exit diameters were calculated over the range of specilied operatinu conditions. 
Tlie length of the engine is from the gimbal mount to the nozzle exit plane and consists of three separate lengths. 
The first length is the distance from the engine gimbal mount to the injector face. This was estimated from 
layouts of engines of comparable thrust. The length of the combustion chamber, the second length, was held 
constant at 15 inches. The remainder of the engine length is the distance from the throat to the nozzle exit 
plane. A maximum payload bell nozzle contour was generated for the chamber pressures, thrust levels, and 
nozzle expansion ratios of the parametric study. The engine diameter is the exit diameter of the nozzle and is 
a lunction ol the thrust level, chamber pressure, and expansion ratio. 

Weight 

Parametric engine weights were generated over the range of specified operating conditions. Historical 
thrust/weight data were used to estimate these weights with adjustments being made for size, cycle, material, 
and technology ditlerences. Tliese adjustments included nozzle weights which were calculated as a function 
of nozzle surface areas. Tlie difference in weight between the split-expander cycle and the full-expander cycle 
with a regenerator were accounted for by adding or removing components. Analysis of the results, uiven in 
Appendix A, show a slight weight advantage for the split-expander cycle when compared to the full-expander 
cycle with regenerator. 

Nozzle Contour Trade-off 


The maximum payload bell nozzle contour, used throughout the parametric study, is a rather long nozzle 
that is used to attain high specific impulse. A sensitivity study was conducted to calculate the effect of nozzle 
contour on the trade-oil ot length and weight with perlormance. Nozzle contours from a minimum lenmh to a 
maximum performance were examined for a chamber pressure of I5(K) psia. Tlie results are presenteil in Figures 



19 and 20 lor the nozzle expansion ratio range of interest and show that going to a shorter nozzle can decrease 
engine weight by up to 12 percent for a high area ratio (1200 to 1) engine while dropping performance only 
approximately 1.0 second. However, lor a relatively low area ratio (210 to 1) engine, perlormancc decrease by 
almost 3 seconds when a minimum length nozzle contour is used while engine weight drops by only 3.5 percent. 

HIGHER CHAMBER PRESSURE REQUIREMENTS 

Tlie upper limit chamber pressures, discussed in the “cycle selection” section, were based on rather 
conservative assumptions of mid-1990s technology. Selection of the technology level for the cycle comparison 
was driven by these considerations; 

• There appears to be little increase in specific impulse or system performance at chamber pressures 
above KXX) to 15(X) psia. 


• Not pushing the system design and associated technology levels to extreme limits provides margin for 
system flexibility, thereby simplifying throttling and high mixture ratio operation. 

• Not pushing system design and technology levels to extreme limits reduces development dilticulty 
(program risk) and helps ensure a high level of reliability. 

Higher pressures are possible and may, under some circumstances, be worth the additional complication. 
A system sensitivity study was conducted to determine which of the cycle parameters in the original study 
most significantly limited chamber pressure and to show how modifying these variables could extend chamber 
pressure limits. 

The cycle parameters used in the sensitivity study are listed in Table 4. As appropriate, the parameter 
sensitivity was investigated for both the split-expander cycle and lull-expander cycle with regeneration. 


TABLE 4. — APPROACHES TO HIGHER CYCLE CHAMBER PRESSURE 


Cycle Parameter 
Improvement 

Cycle 

Means of Achieving 
Improvement 

Higher Pump Efficiency 

Full-Expander With Regenerator 
Split-Expander 

Higher Pump Speed, Reduced Pump 
Leakage 

Higher Turbine Efficiency 

Full-Expander With Regenerator 
Split-Expander 

Higher Turbine Speed, Reduced Tip 
Leakage 

Higher Turbine Pressure Ratio 

Full- Expander With Regenerator 
Split-Expander 

Higher Pump Discharge Pressure 

Coolant Jacket Bypass Flow 

Split- Expander 

Increase Bypass Flow to Obtain 
Higher Turbine Inlet Temperature 

Regenerator Effectiveness 

Full-Expander With Regenerator 

Larger, More Effective Regenerator 

Increased Thrust Chamber Heat 
Transfer 

Full-Expander With Regenerator 
Split-Expander 

Tubular Chamber, 

Increased Tluust Chamber Lengtli 


Tlie effect of pump efficiency on maximum achievable pressure is shown in Eigures 2 1 and 22 tor the two 
cycles. Eor the split-expander cycle, an increase of 5 percent in fuel and oxidizer pump efficiency over the 
baseline cycle pump efficiencies (approximately 65 percent for the fuel pump and 75 percent lor the oxidizer 


12 



pump) produces an increase of 150 psi in chamber pressure if all other cycle variables are held constant. Fuel 
pump efficiency improvements could be achieved by developing hydrostatic bearings to operate well above the 
baseline cycle turbopump speed (125,000 ipm for the fuel pump) or by reducing internal pump leakage below 
current state-of-the-art projections. For the full-expander cycle with regeneration, a 5 percent increase in pump 
elticiency provides a 170 psi increase in chamber pressure. 

Figures 23 and 24 show the effect of increases in turbine efficiency on chamber pressure. A 5 percent increase 
in fuel and oxidi/xr turbine efficiency over the baseline values of 80 to 85 percent produces an 85 psi chamber 
pressure increase for the slit expander cycle and a 95 psi increase in the full-expander cycle with regeneration. 

All of the cycle studies prepared under the study have been based on a turbine pressure ratio of 2. 1 . Pratt & 
Whitney experience has shown that a pressure ratio of 2.1 produces a chamber pressure that is near, but slightly 
below the maximum that can be achieved. However, higher turbine pressure ratios produce only slightly higher 
chamber pressures at the expense of a very high head rise and discharge pressure requirement on the pump. This 
trend is shown in Figures 25a and 25b. For the full-expander cycle with regeneration, increasing the turbine 
pressure ratio to 2.4 increases chamber pressure by only 90 psi, while requiring an increase in pump discharge 
pressure of 1(X)0 psi. Similarly, for the split-expander cycle, where the maximum chamber pressure is achieved 
at a turbine pressure ratio of 2.6 the chamber pressure is increased by only 120 psi over the reference value. Yet 
the balanced cycle at the pressure ratio of 2.6 requires a large increase in fuel pump discharge pressure to 6600 
psia compared to the reference pump discharge pressure of 5100 psia. 

The split-expander cycle has a unique variable that can be optimized for maximum pressure, i.e., the fraction 
of the fuel that bypasses the cooling jacket and turbines. All of the unthrottled split expander cycles prepared 
under this study have been based on 50 percent bypass flow. At low thrust (below approximately 20,0(K) pounds), 
the optimum bypass flow for maximum chamber pressure is below 50 percent; however, 50 percent was used 
as a minimum in the split-expander cycle to provide flexibility for cooling with throttling or high mixture ratio 
operation. As shown in Figure 26, increasing the jacket bypass flow at 25,000 pounds of thrust would produce a 
small increase in maximum chamber pressure at the expense of a significant increase in turbine inlet temperature. 

In the full-expander cycle with a regenerator, the regenerator heat transfer effectiveness is a design variable 
that affects available power. A relatively low effectiveness was used in the cycle comparis(m study because 
of cooling limitation at low design point thrust and problems associated with throttling with the regenerator in 
the cycle. At the 25,(XX)-pound thrust level, a higher regenerator effectiveness is feasible and can provide a 
significant increase in achievable chamber pressure, as shown in Figure 27. 

The effect of increased thrust chamber heal transfer was determined for both the split -expander cycle (Figure 
28) and the full-expander cycle with regeneration (Figure 29). Chamber heat transfer enhancement with a tubular 
chamber has been estimated to be 18 percent over a milled channel chamber due to the increased hot side 
surface area. This is the value used in the cycle comparison study. The actual heal transfer enhancement wifli 
tubular chambers could be significantly more than 18 percent. An additional 10 percent increa.se in the predicted 
heat transfer (1 10 of 118 percent) could increase chamber pressure by 80 psia for the split-expander cycle and 
by 60 psia for the full-expander cycle with regeneration. The chamber heat transfer can also be increased by 
lengthening the thrust chamber. 

The ba.seline length for the candidate cycle thrust chambers is 12.3 inches. Figures 30 and 31 show the 
impact on chamber pressure of increasing this length to 16 inches for the split-expander cycle and the full- 
expander cycle with regeneration, respectively. A 14.7 inch chamber length rai.ses the achievable chamber 
pressure by 95 psia for the split-expander cycle engine. Above that length, however, the coolant pressure loss 
increase, as.sociated with the enhanced heat transfer, exceeds its benefits and results in a lower attainable chamber 
pressure. The full-expander cycle with regeneration experiences an increase in chamber pressure of 54 psia for 
the same 14.7 inch long chamber. 


13 


Based on the above results ol this sensitivity study, an extended chamber pressure limit design was generated 
for each cycle. Mcxlerate levels of improvement were selected for each parameter to stay with optimistic, but 
not unrealistic, state-of-the-art technology tor the mid-1990s. Table 5 lists the chosen improved cycle parameter 
values. Tables 6 and 7 present the higher chamber pressure cycle data for the split -expander and the full- 
expander with regeneration, respectively. The split-expander cycle achieves a chamber pressure of 2044 psia 
with a resulting pump discharge pressure of 6923 psia and an oxygen turbopump turbine inlet tempx;rature of 
1556°R. The full-expander cycle with regeneration attains a 2198 psia chamber pressure with a pump discharge 
pressure of 7572 psia and a turbine inlet temperature of 957°R. 


TABLE 5. — CYCLE PARAMETERS IMPROVEMENT VALUES 



Split- Expander 
Cycle 

Full-Expander 
Cycle WfRegenerator 

Turbine Pressure Ratio 

2.2 

2.2 

Pump Efficiency, % 

+5 

+5 

Turbine Efficiency, % 

+5 

+5 

Jacket Bypass, % 

55 

N/A 

Regenerator Effectiveness, % 

N/A 

+10 

Increased Chamber Length, in. 

+2.4 

+2.4 
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TABLE 6. — ADVANCED ENGINE PARAMETRIC STUDY, SPLIT-EXPANDER 

ENGINE 


chamber PR£SSU«f; 2043.7 
VAC £KiIi< thrust 25000. 
total £»CIf€ FLOW RiTE 52.07 
DEL. VAC. ISR 480.1 
THROAT AREA 5.»9 
NOZZLE AREA RATIO 1000.0 
NOZZLE EXIT OIAHETER 87.34 
engine mixture ratio a. 00 
eta C« 0.19S 
CHAMBER COOLANT OP 13A5. 
CHAMBER COOLANT OT 140^. 
NOZZLE/CmamBER Q 1 7201 . 


ENGINE station conditions 


• FUEL SYSTEM CONDI TIONS • 


station 

PRESS 

TE^ 

flow 

enthalpy 

density 

B.P. IM_£T 

18. A 

37.4 

7.44 

-107.5 

4.37 

B.P. EXIT 

100.2 

38.4 

7.44 

-103.2 

4.31 

PU»** lf«_ET 

IDO .2 

38 .4 

7.44 

-103.2 

4 . 31 

1ST stage exit 

27A0.A 

7. .5 

7,44 

*S.* 

4 .42 

J8V IMJET 

2705.4 

77.0 

4.01 

*5.* 

4.31 

JBV EXIT 

22«1.* 

80.2 

4.01 

*5.* 

4.14 

ZKD stage exit 

4B10.2 

113.3 

3.35 

221 .7 

4.3* 

POP** EXIT 

*122.8 

145.8 

3-35 

3*1.5 

4 . 38 

OXXANT I»4_£T 

*853. A 

14».3 

3-35 

3*9.5 

4 . 3* 

COOLANT EXIT 

S4BS.2 

1555.3 

3.35 

5507.4 

0 . *1 

TBV inlet 

5433. A 

1555 * 

0-17 

5507-4 

0 . *0 

T8V EXIT 

24CS. 3 

1577.3 

0.17 

5507.4 

0 .28 

02 TRB inlet 

5433.4 

1555. » 

3. 18 

5507.4 

0 . *0 

02 TRB EXIT 

48 »4 . 3 

1517.7 

3. 18 

53*0.4 

0-5* 

M2 TRB inlet 

48*4 . 3 

1517.7 

3 . 18 

53*0.4 

0.5* 

KZ TRB EXIT 

25 7 1 . A 

1333-2 

3. 18 

4*45.* 

0 . 34 

K2 TRB DIFFUSER 

2507. 1 

1333.7 

3.18 

4*45.4 

0. 34 

K2 BSr TRB IN 

2482.1 

1333.7 

3.18 

4445.* 

0.34 

H2 BST TRB OUT 

24*2.3 

1331.2 

3.18 

4635.* 

0 . S3 

*C BST TRB OIFF 

2457.1 

1331.3 

3.18 

4*35 .* 

0.35 

02 BST TRB IN 

2t32. * 

1331.4 

3 . 18 

4*35 .* 

0 . 33 

02 BST TRB OUT 

242; ,S 

133: .0 

3 . IS 

4*30.2 

0 . x: 

02 BST TRB DIFF 

2420.4 

133:. 0 

3 . le 

4*30.2 

0.33 

K2 TANK PRESS 

IS .* 

13*C.1 

0 .0044 

4*74.0 

0 . 002* 

COX »«AT EXCH !N 

24CB.5 

1342.5 

3.34 

4674 .0 

0 . 32 

COX »€AT EXOt OUT 

23«*.2 

1341.7 

3.34 

4*71.0 

0 . 32 

MIXER hot in 

23«*.2 

1341.7 

3.34 

4*71.0 

0 - 32 

MIXER COLD IN 

22**. A 

80.2 

4 . 01 

*5.* 

4 . 14 

MIXER OUT 

227*. 4 

*22.0 

7.44 

2134.5 

0.44 

FSOV IK£T 

227*. 4 

*22.0 

7.44 

2134.5 

0 .44 

FSOV EXIT 

2211.5 

*22.3 

7.44 

2134.5 

0.42 

chamber IHJ 

2117.5 

*22-4 

7.44 

2134.5 

0.42 

CHAMBER 

2843. 7 






• OXYGEN SVSTEK 

CONDITIONS 

* 


station 

PRESS 

Tt>4* 

flow 

enthalpy 

DENSI TY 

B.P. IK.ET • 

1*.0 

1*2.7 

44.7 

*1 .1 

70.11 

t.P. EXIT 

1 !S-2 

1*5.3 

44 . 7 

*2 , 3 

70 .85 

PUP** IP*.ET 

J3S.2 

1*5.3 

44.7 

*2.3 

70.85. 

PUr^ EXIT 

3301.8 

1 78 .8 

44.7 

72.8 

71 .48 

02 TA«( PRESS 

1*.0 

400,0 

0.07* 

204.7 

0. 12 

OSOV I»R_£T 

32 7* . 7 

1 78.1 

*.7 

72.8 

71 .43 

OSOV EXIT 

2213.7 

182.8 

*.7 

72-8 

70.12 

OCV IM.ET 

327*. 7 

1 78.1 

37.1 

72.8 

71.43 

OCV EXIT 

22*3 . 7 

182.8 

37.1 

72 .8 

70 . 12 

chamber INJ 

2270.7 

182.1 

44.* 

72.8 

70 . 01 

CHAMBER 

2043.7 







• val*E Data * 



valve 

DELIA P 

area 

flow 

X BYPASS 


JBV 

40*. 

0 15 

4 . 01 

55.00 


TBV 

3025. 

O.OI 

0.17 

5 . 00 


FSOV 

57. 

1 so 

7.44 



OCV 

•83. 

0.21 

44.43 




• 

InjEC'OR data • 



INJECTOR 

DELIA P 

AS£A 

flow 



FUEL 

154. 

1 . :s 

7.44 



LOX 

22 7. 

0.53 

44 .*3 
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TABLE 6. 


— ADVANCED ENGINE PARAMETRIC STUDY, SPLIT-EXPANDER 
ENGINE (Continued) 


• TURBOHACHIk5;RY DATA • 


• KT BOOST TURBINE • 

• K2 BOOST PUFF ■ 


EFFICIEKrY (T/T) 

0.917 

EFFICIENCY 

0.8IK 


EFFICIEHCV <T/SJ 

0.(88 

moRSEPOhER 

45. 


SPEED ( RP« ) 

41220. 

SPEED (RPHI 

41228. 


FCAN OIA UNI 

2. 18 

S SPEED 

2052, 


EFF AREA (IN2) 

1 . 78 

too (FT) 

2480. 


U/C (ACTUAL) 

O.SSJ 

OIA. (IN) 

2.42 


KAX TIP SPEED 

480. 

TIP SPEED 

428. 


STAGES 

t 

va_. FLOl 

740. 


CAmA 

1 .42 

FCAD (XCF 

0.450 


PRESS RATIO (T/TJ 

1.01 

FLOW COEF 

0.201 


PRESS RATIO <T/S) 

1 .01 




horsepoicr 

4S. 




EXIT rVkCM MtfISER 

0.04 




SPECIFIC SPEED 

112.(4 




SPECIFIC OIA^TER 

0.7( 




■ HZ Ti*8I»C • 


■ K2 PlP*» 





stage 

stage two 

STAGE TNOtEE 





•«••••»••«» 

EFFICIE>CV (T/T) 

0.825 

EFFICIENCY 0.440 

0.575 

0.582 

EFFICIENCY (T/S) 

0. 787 

NCRSEPOCR 17 78- 

740. 

700. 

SPEED (RP«I 

125000. 

SPEED (RPH) 125000. 

125000. 

125000. 

►ORSEPOICF 

2218. 

SS SPEED 1 1 248 . 



f^AH OIA. (IH) 

2.20 

S SPEED 480. 

540, 

554. 

EFF AREA UK2) 

0.18 

head (FT) 84725. 

49895. 

47004. 

U/C (ACTUAL) 

0.42( 

DIA. (IN) A. 12 

2.78 

2.78 

KAX TIP SPEED 

1871 . 

TIP SPEE3 2248. 

2041 . 

2041. 

stages 

2 

VOL. FLO- 755. 

245. 

242. 

(UNHA 

1.42 

t<AO COEF 0.552 

0.520 

0 .508 

PRESS RATIO (T/T) 

1 .89 

FLOW COEF C.088 



PRESS RATIO (T/S) 

1 .9( 

diameter ratio 0.204 



EXIT HACH »«P«eR 

0.12 

9EARINC ON 2.00E*04 



SPECIFIC SPEED 

24.27 

shaft DIa/CTER 24.00 



SPECIFIC OlitfCTER 

2.29 




- 02 BOOST TURBIK • 

• 02 BOOST PUN*» ■ 


EFFICIENCY (T/T) 

0.912 

EFFICIENCY 

0.802 


EFFICIENCY CT/S) 

0.802 

NCRSEPOWER 

25. 


SPEED (RPM) 

11044. 

SPEED (RPH) 

11044. 


HEAN OlA (IN) 

5.99 

S SPEED 

2024. 


EFF AREA (IN2) 

2.45 

Kao (FT) 

242. 


U/C (ACTUAL) 

0.552 

DIA. (IN) 

2.72 


KAX TIP SPEED 

210. 

TIP SPEED 

122. 


STAGES 

1 

VtX. FLOW 

282. 


(UMHA 

1 .42 

Kao COEF 

0.450 


PRESS RATIO (T/T) 

1.00 

flow COEF 

0.200 


PRESS RATIO (T/S) 

1.01 




tCRSEPOtCR 

25. 




EXIT HACH NUHBER 

0.02 




SPECIFIC SPEED 

54.28 




SPECIFIC OIANCTER 

1 .50 




• Oe TMBDC • 


• 02 PUNP • 



EFFICieiCY (T/T) 

0.882 

EFFICIENCY 

0.782 


EFFICIENCY (T/S) 

0.829 

NCRSEPOWER 

442. 


SPEED (RPHI 

72054. 

SPEED (RPHI 

72054. 


K)RS£PONCR 

4(2. 

SS SPEED 

22942. 


NEAN OIA (IN) 

2.20 

S SPEED 

1490. 


EFF AREA ( INC ) 

0.24 

KAO (FT) 

4275. 


U/C (ACTUAL) 

0.541 

OIA. (INI 

2.18 


N(AX TIP SPEED 

1084. 

TI? SPEED 

484. 


stages 

2 

VtX. FLOW 

280. 


CAHHA 

1 .42 

KAO COEF 

0.424 


PRESS RATIO (T/T) 

1 - 12 

FLOW COEF 

0.148 


PRESS RATIO (T/S) 

i . 12 

oiakter ratio 

0.478 


EXIT HACH number 

0.04 

bearing Dn 1 

1 ,44E*04 


SPECIFIC SPEED 

27.44 

Si-ArT DIAKTER 

20.00 


SPECIFIC OIapCTER 

2.05 
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TABLE 7. — 


ADVANCED ENGINE PARAMETRIC STUDY, FULL-EXPANDER 
ENGINE WITH A HYDROGEN REGENERATOR 


£m:i^€ perfcwmawce PApAfcrtRs 


chamber pressure 
VAC ENGIfC thrust 
total EMCIHE FLOM RATE 
DEL - VAC . I SP 
THROAT AREA 
NOZZLE AREA RATIO 
NOZZLE EXIT OIAPtTER 
ENGINE MIXTURE RATIO 
ETA C« 

CHAMBER COOLANT DP 

chamber coolant DT 

NOZZUE/CMAM8ER Q 

E>cih€ station CONOITIOMS 



• fuel 

system 

CONOITKXS 

station 

PRESS 

TE>4* 

FLOM 

t.p. IM-fT 

18.4 

57. A 

7.A5 

B.P. EXIT 

100.9 

58. A 

7.A5 

PUf*» IKET 

100.9 

58 .A 

7. <5 

1ST STAGE EXIT 

2592.5 

72.8 

7.A5 

2ND STAGE EXIT 

5078.0 

105.2 

7.A5 

PUMP EXIT 

75 72.0 

155-5 

7.A5 

COLO REGEN IN 

7A94. 5 

155.9 

7 -AS 

COLO REGEN EX 

7A21.A 

528. A 

7.A5 

COOLANT 1«£T 

7A21 .A 

528. A 

7.A5 

COOLANT EXIT 

5780.9 

954.7 

7. AS 

TBV ItR_fT 

5725.1 

957.1 

0.57 

TBV EXIT 

2554.9 

977.9 

0.57 

02 TRB It<XT 

5725.1 

95 7-1 

7.07 

02 TRB EXIT 

52SA.2 

959.5 

7.07 

K2 TRB H<ET 

S25A.2 

959.5 

7.07 

K2 TR8 EXIT 

272A.A 

820.0 

7.07 

K2 TRB DIFFUSER 

2459.5 

820.4 

7.07 

M2 BST TRB IN 

2412.9 

820.4 

7.07 

M2 BST TRB OUT 

2594.2 

819.4 

7.07 

K2 BST TRB OIFF 

2585.7 

819.4 

7.07 

02 BST TRB IN 

2559. a 

819.8 

7.07 

02 BST TRB OUT 

2551 .A 

819.2 

7.07 

02 BST TRB OtFF 

2SA9.4 

819.2 

7.07 


M2 tank press 
GOX tCAT EXCH IN 

cojt ecat ekcm out 

HOT REGEN IN 
TR3T REGEN EX 


enthalpy 
- 107-5 
-105.2 
-105.2 
51.2 
202.8 
551 .8 
551.8 
1 107.t 

1107.4 
5 5 98 . A 
5 598. A 
5398. A 
3 598 .A 

5527.0 

5527.0 
28A8. 1 

2848.1 
28A8. 1 
2SA5.4 
28A5.4 
28A5-4 
28A1 . 1 
Z8A1 . 1 
2849.0 

2849.0 

2847.4 

2847.4 

2111.1 


DENS 1 TV 
A. 57 
A. 59 
A . 59 
A.A5 
A.5A 
A .44 
A .45 
2.82 
2 .82 
0.99 


FSOV IM_ET 

2AA8.5 

41A.0 

7.AA 

2111.1 

0.49 

FSOV EXIT 

2587. 2 

41A.5 

7.AA 

2111.1 

0.47 

chamber IKJ 

2545. A 

41A.5 

7.AA 

2111.1 

0.47 

chamber 

2198.0 





• OXYGEN SYSTEM OOnOITIOKS 



STATION 

PRESS 

TEPi» 

flcn 

Enthalpy 

density 

B.P. IM_£T 

14.0 

142.7 

AA.7 

41.9 

70.99 

B.P. EXIT 

155.2 

145.5 

AA.7 

42.5 

70 .8A 

PUfO» IKET 

155.2 

145.3 

AA.7 

42.5 

70 .8A 

PU»0» EXIT 

5559.7 

179.9 

AA.7 

75.4 

71.75 

02 TAMC PRESS 

14.0 

AOO.O 

0.074 

20A . 7 

0 . 12 

OSOV IN>ET 

552A. 1 

180.0 

4.7 

75.4 

71 .47 

OSOV EXIT 

2A44.8 

18A.Z 

4.7 

75.4 

70.07 

OCV IfO_ET 

5S2A. 1 

180.0 

57.9 

75.4 

71.47 

OCV EXIT 

2A44.8 

18A.Z 

57.9 

75.4 

70.0? 

chamber INJ 

2AA2.2 

18A.5 

AA.4 

75.4 

70.05 

chamber 

2 1 98 . 0 

• valve data 

a 



VALVE 

delta P 

AREA 

FLOn 

X BYPASS 


TBV 

31S4. 

0.01 

0.17 

5.00 


FSOV 

41 . 

1.47 

?.AA 



OCV 

105 7 . 

0.21 

AA ,43 




• 

INJECTOR Oat 

A • 



INJECTOR 

delta p 

AREA 

FLOM 



fuel 

145. 

1.04 

7.AA 



LOX 

2AA . 

0.51 

AA.43 
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TABLE 7. — ADVANCED ENGINE PARAMETRIC STUDY, FULL-EXPANDER 
ENGINE WITH A HYDROGEN REGENERATOR (Continued) 


■ TuRB01A0ll'<i»y PERFOSwamCE DAT* « 


• k: boost TuRBtMt • 


• H2 BOOST Pur«> • 


EF^lClCKCr (T/n 0.8T* 

fTPrctexv (T/sj o.A/i 

3*t£D (RPHI 

XamOI* C|N] \ ,(,t> 
CTP A«E* UM2J 5. IS 

U/C {ACTUAL) 0.S4S 

*MJt T[P S^EEO J*7. 

STaCCS 1 

1 ,A| 

PBESS BATIO <T/T) l.Ol 

PRESS RATIO <T/S) I .01 

<4. 

EXIT MACM NUHaCR 0.08 

SPECIFIC SPECO ISO. 00 

SPECIFIC DIAKTEJI O.SA 


EFFICIEXY 0.804 

hORSCPOXR 4a. 

SPEED {Rpyil A154/. 

S SPEIO Sfl<,S. 

hEaO (FTJ ?T01 . 

0IA. (IM) 7.41 

TIP SPEED 45?. 

VOL. FLOM 741 . 

XAO COEF 0.4S0 

flow COEF 0.^01 


■ HZ TURBINE « 


• HZ PUir • 


EF^ICIOCY IT/TI 
CPFICIOOr CT/S) 
9GEO (RPHI ] 


fCAM OIA. (IN) 
EFP^ AREA (IN21 
UA: (ACTUAL) 
MAX TIP SPEED 

stages 


PRESS RATIO (T/Tj 
PRESS RATIO (T/S) 
EXIT HAO? HUHRER 
SPECIFIC SPEED 
SPECIFIC diameter 


0.844 

0.818 

2SOOO. 

47«. 

Z.88 

0.2B 

0.442 

US2. 

2 

1 .41 
I .»J 
2-01 
0.14 
58 . 52 


stage OIC STAGE ruo stage ThOtEC 


CJ=FICIE>CV 8.471 

•ORSCPOACR I42S. 

SPEED (RPH) 12S888. 

SS SPEED I12S4. 

S SPEED 7 14 . 

XAO (FT) 88814. 

OIA. (IN) S.OB 

TIP SPEED 2177. 

VOL. FLOM 7S8. 

XAO COEF 8.S48 

PLOM COEF 8.881 

OIAfCTER RATIO I.SI4 

BEANIIR: Oh S.BRC'M 

SHAFT diameter 24.88 


0.475 

1S88. 

I2S000. 

714. 
78458 . 

5.88 

2177. 

755, 

8.558 


0.475 

1548. 

125000. 

717. 
7 7 885 . 

5.88 

2177. 

717. 

0.528 


• 02 aOOST TUR81X • 


EF^ICIEXrv (T/T) 0.820 

EFFICIEJOr (T/S) 0.718 

SPEED (RPM) 11044. 

fCAN OIA (IN) 4.11 

CPF AREA ( IM2 ) 4.74 

U/C (ACTUAL) 0.545 

PUU( TIP SPEED 255. 

stages 1 

GA#R«A 1.41 

PRESS RATIO (T/T) 1.00 

PRESS RATIO (T/S) t .00 

KXSEPOCR 25. 

EXIT HA04 NlRVeil 0.05 

SPECIFIC SPEED 105.84 

SPECIFIC DIAMETER 0.84 


■ 02 BDaST PtR« • 


EFFtCICMCT 8.805 
MORSEPOW 25. 
SPEED (RPR) 11044. 
S SPEED 5024. 
XAO (FT) 242. 
OIA. (IN) 2.75 
TIP SPEED 132. 
VOL . FL(M 28 5 . 
7CAD COEF 0.450 
FLOM COEF 0.200 


> 02 TUIBIX A 


EPFICIEKTT (T/T) 0.888 

OTICIEMT (T/S) 0.804 

SPEED (RPM) 75881. 

PORSCPtRCR 715. 

TEAM OIA ( INI 2.80 

CFF AREA ( IM2) 0.48 

tt/C (ACTUAL) 0.4 78 

MAX TIP SPEED 870. 

stages I 

GA«««A 1 .41 

PRESS RATIO (T/T) 1.08 

PRESS RATIO (T/SI 1.10 

EXIT MA04 NipiOER 0.08 

SPECIFIC SPEED 45.20 

SPECIFIC diameter 1.54 


• 02 pwr • 


CFFICIOCV 0.781 

XRSePOUCX 715. 

SPEED (RPR) 75881. 

SS SPEED 24S81. 

S SPEED 1440. 

KEAD (PTl 4872. 

OIA. (IM) 2.18 

TIP SPEED 70S. 

VOL. P|.a< 280. 

XAO COEF 0.442 

FLOM COEF 0.144 

diameter ratio 0.477 

bearing IM I .48E*04 

shaft OIapCTER 20.00 


OELP 
CELT 
AREA 
R.0M 
EFFECT I VE7CSS 
HTU 

cRAita 
OIM 
RECEN Q 


HOT stoe 
75 .75 
-212.81 
1.72 
7.44 

0.31 
0.45 
0. 80 
24.44 
5427.44 


RCC^HERATOR tUTi 


COLO SIDE 
74.84 
182.55 


i8 


ORIGff'WL f AQ£ tS 
OF POOR QUALITY 



ENGINE-VEHICLE INTERFACES 


The identified engine-vehicle interfaces are listed in Table X, Redundant electrical and data connections are 
suggested for reliability. Each instrumentation cable will carry multiple channels. Tlie number of channels will 
be determined based on the architecture of the engine-vehicle control interface. 


TABLE 8. — ENCIINE- VEHICLE INTERFACES 


Description 

No. of 
Interjaces 

CiLmbal Bearing 

I 

Ciimbal Actuator 

2 

Hngine Oxidizer Inlet. Liquid Oxygen 

1 

Fingine L’uel Inlet, Idquid Hydrogen 

1 

F uel Tank Pressuranl. Claseous Hytirogen 

1 

Oxidi/er Tank Pressurant. Gaseous Oxygen 

1 

Hlectrical Power 

2(1 > 

Pneumatic 

TBD (0 or 1 ) 

Data 

2( 1 ) 

Notes: 

Required for redundancy 


The gimbal mount is the primary engine attachment to the vehicle and provides the capability to gimbal 
the engine through two gimbal actuator attachment points located 90 degrees apart on the engine. The engine 
is configured witli an extendable nozzle to reduce engine storage length. The engine envelope and mechanical 
interfaces are depicted in Figure 32. The engine lengths (x) and diameter (y) correspond to the dimensions given 
in Appendix A. The stored length (x’) is one-halt the total engine length plus 6 to 10 inches depending on engine 
thrust and undelined vehicle interface requirements. 
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Turbine Stage Specific Speed, Ns Dimensional = N{QEXiT)^^^/(HeadAd.)^'^; rpm(ft^/sec)^^2/(ft)^^ 

Figure 3. Turbine Efficiency Comparison 



Configuration A 

Back-to-Back Fuel and Oxidizer Turbine 



Configuration B 

Back-to-Back Fuel Turbine With Separate Oxidizer Turbine 


Figure 4. Back-to-Back Turbine Configurations 
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I Fuei Turtxjpump 


LOX Turtx)pump 



Figure 7. Split- Expander Cycle 
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Pressure ~ 
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Figure <S. Split-Expander Cycle Achievable Chamber Pressure 




Percent Thrust - % 

Figure 9. Thrust Chamber Wall Temperatures During Throttling 



Engine Mixture Ratio 

Figure W. Thrust Chamber Wall Temperature as a Function of High Mixture Ratio 
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Figure II. Dual- Expander Cycle 


Chamber 
Pressure - 



Figure 12. Dual- Expander Cycle Achievable Chamber Pressure 



0 10,000 20,000 30,000 40,000 50,000 60,000 

Engine Vacuum Thrust - lbs 

Figure 14. Full-Expander Cycle With Regeneration Achievable Chamber Pressure 
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Chamber 
Pressure - 
psia 



Figure 15, Full Split, Dual ami Regenerator Cycle Comparison With Tubular Thrust Chambers 


Maximum 
Chamber 
Pressure - 
psia 



Figure 16, Full Split, Dual and Regenerator Cycle Comparison With Milled Channel Thrust Chambers 
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Figure 19. Bell Nozzle Truncation Performance — Length Sensitivity Based on 
a Maximum Payload Truncation; Pc - ISOif H 2 -O 2 J 0/F = 6.0 
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-2 


-4 



AR = 210 


AR = 600 


Legend: 

Q3^inlmum Length 
Byilnimum Surface Area 
Sy^aximum Payload 
B^aximum Performance 
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Figure 20. Bell Nozzle Truncation Performance — Weight Sensitivity Based on 
a Maximum Payload Truncation; Pc = 1500, H 2 O 2 , 0/F = 6.0 
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Figure 21. Advanced Split-Expander Cycle Pc Improvement With Increased Pump Efficiency 
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Figure 22. Advanced Full Expander With Regenerator Cycle F, Improvement With Increased Pump EJficiencv 
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Figure 23. Advanced Split-Expander Cycle Pc Improvement With Increased Turbine Efficiency 



Figure 24. Advanced Full Expander With Regenerator Cycle Pc Improvement With Increased Turbine Efficiency 
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Figure 25a. Advanced Full Expander With Regenerator Cycle Pc Improvement 
With Increased Turbine Pressure Ratio 
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Figure 25b. Advanced Split-Expander With Regenerator Cycle Pc Improvement 
With Increased Turbine Pressure Ratio 
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Figure 26. Advanced Split-Expander Cycle P, Improvement With Increased Bypass Flow Around Jacket 
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Figure 27. Advanced Full Expander With Regenerator Cycle Pc Improvement 
With Increased Regenerator Effectiveness 
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Figure 28, Advanced Split-Expander Cycle Pc Improvement Due to Increased Chamber Heat Transfer 



Figure 29. Advanced Full Expander With Regenerator Cycle Pc Improvement 
Due to Increased Chamber Heat Transfer 
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Figure 30. Advanced Split-Expander Cycle Pc Improvement Due to Increased Chamber Length 
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Figure 3L Advanced Full Expander With Regenerator Cycle Pc Improvement Due to Increased Chamber Ltmgth 
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Figure 32. Engine Envelope (Sheet 2 of 2) 
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SECTION III 

THROTTLING AND HIGH MIXTURE RATIO OPERATION 
COMPONENT REQUIREMENTS 

The throttling requirements for the study were set at a minimum throttling capability of 10:1 and an optional 
requirement of 20:1. The baseline engine mixture ratio requirement was operation from 5.0 ti) 7.0 (6.0 ± 1.0). 
An optional requirement was to be able to operate oxidi/er rich at a mixture ratio of 12.0. In many respects, 
the component requirements for wide range throttling and high mixture ratio operation are similar; therefore, the 
component discussion presented here covers both requirements. 

The key technical issues for achieving wide range throttling and high mixture ratio operation are: (1) 
achievement of high combustion efticiency over a wide thrust and mixture ratio range without excessive system 
pressure drop and complexity, (2) the ability to adequately cool the thrust chamber over the wide range of 
conditions required, (3) achievement of wide range control without undue control system complexity, and (4) 
pump flow stability and avoidance of turbine flow separation at low flowrates. The split expander cycle was 
selected as the baseline cycle for the throttling and high mixture ratio operation requirements study. Tlie full 
expander cycle with a regenerator was also considered. The design thrust level was 20,()(K) lbs. 

Combustion System 

Low-frequency combustion instability is the primary combustion concern when throttling a rocket engine. 
Low-frequency instability generally results from a low injector pressure drop being coupled to the combustion 
process at low thrust. Three methods have been proposed to deal with this problem: high injector pressure drop, 
dual-oritice injection, and gaseous injection. 

The high-pressure drop injector uses a simple, fixed-area injector sized to produce an acceptable pressure 
loss at the lowest thrust level. However, at full thrust, with the flowrate increased twentyfold for 20:1 throttling, 
the injector pressure drop becomes very high, resulting in high pump discharge pressure requirements. The 
extra power required to meet the high discharge pressure requirements significantly reduces the achievable cycle 
combustion chamber pressure. 

The dual-orihce injection concept provides wide range throttling capability without requiring high oxidizer 
injector pressure drops at full thrust or oxidizer vaporization for gaseous injection. Separate control of the primary 
and secondary oxidizer flow provides an adequate pressure drop through the primary at all flow conditions. At 
low thrust all flow is diverted through the primary orifices, and, at intermediate thrust, the primary is used to 
energize and atomize the secondary flow. The dual-orifice concept was derived from gas turbine engine fuel 
injection technology and has successfully demonstrated high performance over a wide range of conditions. Under 
Contracts AF-()4(61 1)-9565, -9575, and -1161 1, the injector shown in Figure 33 demonstrated throttling ratios of 
170:1 with fluorine/hydrogen. A similar concept using a dual-manifold tangential entry slot oxidizer element was 
tested in the XLR-129 oxygen/hydrogen preburner (Contract F04(61 l)-68-C-00()2) at pressures over 5()()() psia 
(Figure 34). The XI-R-129 tangential entry dual-orifice injection concept is currently being used in the preburner 
for the SSMF) Alternate Turbopump Development (ATD) preburner injectors. Fixtensive spray characterization 
has been completed under the ATD program. Figure 35 shows a single ATD preburner injection element at 100 
percent and 10 percent of design flow. 

Gaseous oxidizer injection also offers an effective method of achieving low-frequency combustion stability 
at low-thrust levels. The dual expander cycle is aimed specifically af providing gaseous oxidizer for injection. 
Mixing the gaseous oxidizer with the gaseous fuel over a wide range of operating conditions, however, is more 
difficult than gas-liquid mixing, and lower combustion efficiency is likely to be encountered at some operating 
conditions. 
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A heat exchanger may be used with a fixed-area injector to provide gaseous oxygen at an acceptable pressure 
drop at low thrust while maintaining reasonable injector pressure losses with liquid oxidizer at full thrust. This 
concept has been proposed as a solution to low-frequency instability in earlier advanced space engines (the RLIO 
IIB and the OTV engine), but these engines did not have the requirement for continuous throttling. An engine 
using a heat exchanger in conjunction with a single-element injector would require a more complex control 
system to provide continuous throttling over the desired 20:1 range. 

Based on this comparison, a dual-orifice injector was selected for additional evaluation for the study on 
the basis of its versatility and potentially high combustion efficiency at full thrust, throttled, and high mixture 
ratio conditions. 

Thrust Chamber Cooling 

Rocket engine cooling with throttling can present difficult design challenges. If the entire fuel flow is used 
for cooling, as thrust level decreases, the coolant exit temperature increases. The temperature increases because 
with a fixed-geometry thrust chamber, a reduction in thrust is accompanied by a proportional decrease in chamber 
pressure and coolant flow, while the heat flux is reduced by approximately chamber pressure to the 0.8 power. 
Under some conditions, the increasing coolant temperature can cause the thrust chamber wall temperature to 
increase as the engine is throttled. If the wall temperature at full thrust is near the upper limit (as is desirable to 
minimize coolant pressure drop), the allowable upper limit at reduced thrust may be exceeded. The upper curve 
in Figure 36 shows a typical example. Cooling limits can be partially offset by reducing combustion length, 
use of higher thrust chamber contraction ratio, use of ovcrcooling at the design point, or bypassing part of the 
flow at the design point and using all of the flow at off-design condition. Each of these approaches reduces 
the cooling problem at throttled conditions, but each imparts a cycle loss, increased thrust chamber weight and 
volume, added control system complexity, or some combination of these design penalties. 

The split expander provides a means of avoiding the throttling constraint associated with most other cycles. 
Because of the reduced coolant flow at full thrust, the coolant exit temperature of the split expander is higher 
than with a full-expander cycle. By controlling the split-expander jacket bypass flow to increase the percent of 
coolant flow, the coolant exit temperature can be decreased up to a point during throttling. At some fraction 
of rated power (30 percent in the case studied), the jacket bypass valve is completely closed, and the cycle 
operates like a full-expander cycle. However, because the coolant passages for the split expander are designed 
for low flowrate, the combustor wall stabilizes at a lower temperature during deep throttling, as shown in the 
lower curve on Figure 36. 

High mixture ratio operation is also enhanced with the split-expander cycle. By controlling the coolant 
jacket bypass flow to increase the percent of coolant flow, operation at higher mixture ratio levels with lower 
combustor wall temperatures is possible. Figure 37 shows the cooler wall temperatures attained with the split 
expander cycle compared to a typical cycle. 

Low wall temperatures are essential at high mixture ratio operation. The maximum temperature for prevention 
of copper oxidation is 1060 to 1260°R without coatings. Use of coatings could reduce this limitation, but proven 
coatings are not currently available, and any coating will reduce the overall heat flux and the available cycle power. 

The full-expander cycle with regeneration also offers the potential for control of thrust chamber wall 
temperatures. By reducing the amount of regeneration, the thrust chamber coolant temperature is reduced. The 
cooling benefit of reducing the amount of regeneration is partially offset by the higher coolant density and lower 
cooling velocity. Thus, cooling at throttled conditions with a regenerator in the cycle is more difficult than 
throttled cooling with a split-expander cycle. Also, care must be taken not to reduce the amount of regeneration 
at low thrust to the point that unacceptably low coolant velocity results. Figure 38 compares the coolant exit 
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temperature for the case of all of the fuel passing through the regenerator with a case where a portion of the 
jacket exit flow bypasses the regenerator. (The control scheme for bypassing the regenerator is presented below.) 
Without partial bypassing of the regenerator, the coolant jacket exit temperature greatly exceeds the allowable 
copper wall temperature. With partial bypassing, the jacket wall temperature is held within acceptable limits, 
as shown in Figure 39. 

Wide Range Control 

A conceptual control system for the split-expander cycle is shown in Figure 40. The jacket bypass valve 
(JBV) is used to control the coolant jacket flow for throttled and high mixture ratio operation. Tlie JBV also 
contributes to thrust control. The oxidizer secondary control valve controls the oxidizer flow split between the 
primary and secondary injector flow and provides mixture ratio control by throttling the oxidizer flow. These 
two valves can also provide control of thrust down to approximately 60 percent. For deep thnutling, a turbine 
bypass valve is used to control thrust by reducing turbine power. 

In the split-expander cycle, liquid hydrogen enters the engine inlet and flows tlirough a single-stage boost 
pump and proceeds onto a three-stage main pump. After the first stage of the main pump, 50 percent of the 
hydrogen flow is diverted and routed thr(mgh the JBV and to the mixer. The remainder of the hydrogen flow is 
sent through the second and third stages of the pump to attain the high pressure required by the cycle and is then 
used to cool the chamber and nozzle. A small fraction of the gaseous hydrogen leaving the nozzle coolant exit 
is diverted through the turbine bypass valve (TBV) and flows into the mixer. The rest of the coolant hydrogen 
flow first powers the main hydrogen and oxygen turbines before being routed to the hydrogen and oxygen boost 
turbines. The turbine flow is then used to provide energy to the oxidizer tank pressurant through a heat exchanger 
and enters the mixer to join the bypass flows. The combined hydrogen flow then exits the mixer, flows through 
the fuel shutoff valve (FSOV), and enters the injector for combustion in the main chamber. On the (oxidizer side, 
liquid oxygen enters the engine and flows through a single-stage boost pump and a single-stage main pump. 
After exiting the main pump, the oxygen is split between the primary and secondary legs of the injector, with 
the secondary flow controlled by the oxidizer flow control valve (SOCV). The flow routed through the primary 
side flows through the primary oxidizer shutoff valve (POSV). The oxygen flow is subsequently injected into 
the main chamber to combust with the hydrogen. 

Figure 41 shows a conceptual control system for the full-expander cycle with regeneration. Because the 
full-expander cycle has no bypass flow, thrust control is achieved entirely by the turbine bypass valve. The 
turbine bypass flow is routed around the regenerator heat exchanger. As thrust is reduced, the amount of bypass 
flow increases, thereby reducing the amount of regeneration. 

In the full-expander cycle with regeneration, liquid hydrogen enters the engine inlet and flows through a 
single-stage boost pump and proceeds onto a three-stage main pump. After exiting the main pump, the hydrogen 
flows pass through a regenerator before being used to cool the chamber and nozzle. A small portion of the 
gaseous hydrogen leaving the nozzle coolant exit is diverted around the turbines through the turbine bypass 
valve (TBV). The majority of the hydrogen flow is used to power the main hydrogen and oxygen turbines before 
being routed to the hydrogen and oxygen boost turbines. After leaving the oxygen boost turbine, the flow travels 
through the regenerator and mixes with the flow which bypassed the turbines. The hydrogen then continues on 
through the fuel shutoff valve (FSOV) and enters the injector for combustion in the main chamber. The oxidizer 
side of the cycle has the same configuration as the split-expander cycle. The liquid oxygen enters the engine and 
flows through a single-stage boost pump and a single-stage main pump. After exiling the main pump, the oxygen 
flow is split between the primary and secondary legs of the injector, with the secondary flow being controlled 
by the oxidizer flow control valve (OCV). The flow routed through the primary side passes through the primary 
oxidizer shutoff valve (POSV) and is subsequently injected into the main chamber to combust with the hydrogen. 
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Turbomachinery 

The turboinachinery concerns when throttling a rocket engine are flow stability on the pump side and flow 
separation on the turbine end. As the rocket engine is throttled, propellant flowrates and turbopump speeds both 
decrease. The main pump tends to come down an operating line like that shown in Figure 42. As the pump 
enters the low-capacity region, the head coefficient drops off, and the pump flow becomes unstable. One method 
of avoiding this is to recirculate a percentage of the flow from the pump exit to the inlet; in effect maintaining 
a higher volumetric flow at the low-thrust levels. However, this increases the total enthalpy entering the pump 
and may cause the pump to cavitate. To overcome this, the boost pump can be operated in a manner to produce 
a higher pressure to the main pump, which together with the recirculated flow can effectively eliminate both 
instability and cavitation. In addition to pump recirculation, several design features may be used to enhance 
pump stability with throttled operation. One method is use ot an inducer-interstage strut. The inlet struts serve 
to minimize induced pre-swirl during throttled conditions, thereby providing a steepened headflow characteristic 
for improved pump stability. Figure 43 shows how these characteristics increased the head coefficient in the 
350K and XLR-129 high pressure fuel turbopumps, thereby allowing significant increases in throttleability. 


Vaneless pump discharge collectors should be used on all stages, as opposed to stall-prone collectors with 
incidence-sensitive vane or pipe diffusers. All stages should also employ low discharge blade angles to steepen the 
head-flow characteristics for improved stability. Various advanced seal configurations may be used to minimize 
parasitic leakages detrimental to pump stability at low flowrates. Moderate suction specific speed requirements 
have been selected at design and off-design operation to avoid cavitation-induced instabilities. Various throttle 
aids such as inlet back-flow collectors can also be employed. 

Tlirbine flow separation is primarily a performance concern rather than an operational concern. The throttling 
analysis completed under this study showed that the 20:1 range resulted in turbines which are close to separation. 
One advantage that was demonstrated by the split-expander cycle is that, since the turbine is designed tor only 
half the flow at full thrust, when the engine is throttled down to 5 percent thrust, the turbine has more flow 
separation margin in it than the full-expander cycle. 

CYCLE DATA 

The split-expander cycle and full-expander cycle with regeneration were selected for more detailed engine 
studies. These studies consisted of an engine throttling investigation and a mixture ratio variation study. The 
thrust chamber and nozzle configuration chosen for both the split expander and the full expander with regeneration 
is shown in detail in Figure 44. Tlie thrust chamber is 12.3 inches long, has a contraction ratio of 4.0, and is 
constructed from copper tubing. The regenerative nozzle extends out to an area ratio of 210 to 1, and is built 
from Haynes 230 tubing. A composite material nozzle extension increases the overall area ratio to 1000 to 1. 
The design point selected for the throttling studies for each cycle is defined as follows: 


Split Expander Full Expander With 

Vacuum Thrust Level, lb 
Inlet Mixture Ratio 
Chamber Pressure, psia 

Detailed cycle sheets for the full-thrust design thrust levels are located in Appendix B for each of the 
engine cycles examined. 


Regeneration 


20K 

20K 

6.0 

6.0 

1612 

1764 


40 



Split-Expander Cycle 


A throttling investigation was perl'ormocl on the split-expander cycle, with cycle pt)ints generated at KM), 50, 
10, and 5 percent of the design thrust level while holding the mixture ratio constant at 6 . 0 . (The throttled cycle 
sheets detailing this investigation are located in Appendix C.) During engine throttling in the split-expander cycle, 
the JHV, which was previously shown in Figure 40, is used to increase the percent ol hydrogen Ilow available to 
cool the thrust chamber/nozzle assembly. Tliis increased coolant Ilow lowers the coolant exit temperature with 
thrust level, as shown in Figure 45, while the .IHV area decreases according to the schedule shown in Figure 
46. At 10 percent thrust the JIW is completely closed, and the cycle reverts to a lull expander with all of the 
hydrogen flow being used to cool the thrust chamber. As a result, the coolant exit temperature below 10 percent 
thru.st increases. The TBV opens (Figure 47) as thrust level decreases, allowing a greater percentage of the 
coolant flow to bypass the turbine and causing system pressures and pump speeds to drop. 

A major concern during deep throttling is low frequency combustion instability resulting from low oxidizer 
injector pressure drops {< 5% AP/I\). Dual-orilice injection allows the effective injection area to be varied with 
thrust level, giving an acceptable average injector pressure loss both at low thrust and full thmst, as shown in 
Figure 48. Tlie oxygen is injected using tangential swirl elements to promote momentum exchange between the 
primary and secondary streams and the net injection velocity is sufticient for good atomization and elliciency. 

A mixture ratio sensitivity study was done on the split expander cycle for mixture ratios ol 5 to 7 and 12 at 
the 20 kib thrust design level. Tlie cycles generated for this study are given in Appendix I). A plot of chamber 
pressure and chamber/nozzle heat transfer versus mixture ratio is shown in Figure 49 for the 5 to 7 range. 


Below the O/F of 6.0 level chamber pressure is lower than the design point chamber pressure, which can be 
attributed to the reduced heat flux caused by the lower combustion temperature and increased power requirements 
to accommodate the higher fuel flows. The reduced heat flux limits the available cycle power by decreasing the 
turbine inlet temperature. The TBV is closed to maintain chamber pressure. When the 5 percent margin tiesigned 
into the cycle reaches 0 as the O/F is lowered, chamber pressure and, subsequently, thrust decline. Conversely, 
above an O/F' of 6.0, there is a surplus of energy available to the turbine, and chamber pressure and thrust can 
be maintained by opening the TBV. On the other side of stochiometric, at a mixture ratio of 12.0, the heat 
flux in the chamber is again below the design level .so that the maximum chamber pressure is limited to 1250 
psia. The inlet fuel flow is nearly 50 percent of design, so the JBV is closed, making all of the fuel available 
for use as a coolant and turbine flow. With the increased mixture ratio, the horsepower split between the fuel 
and oxidizer turbopumps changes and the fuel side is overpowered by the flow required by the oxidizer turbine. 
To compensate for this, the fuel shutoff valve (FSV) is throttled to create a higher line lo.ss downstream ol the 
turbines and to load the fuel system. The F.SV must close to approximately 36 percent of its design flow area. 


Full-Expander Cycle With Regenerator 

A throttling study was also conducted for the full-expander cycle with regeneration. The throttled cycles 
generated were at 50, 10, and 5 percent of the 2(),()(K) lbs design thrust at a mixture ratio (4 6.0. Detailed cycle 
sheets for these throttled points arc contained in Appendix C. 

Unlike the split-expander cycle, the coolant flow cannot be controlled during tlinrltling and, with the chamber 
designed for full coolant flow, the coolant exit temperature rises during engine throttling, as shown in Figure 50. 
At the 5 percent thrust level, the turbine inlet temperature is above I2()0°R. The TBV opens during throttling 
(Figure 51), bypassing a greater percentage of the hydrogen flow around the turbine, dropping pump speeds and 
system pressures. Since the energy for the hot side of the regenerator is supplied by the turbine discharge Ilow, as 
thrust decreases, the lower flowrate results in a relatively small increase in coolant inlet temperature (Figure 52). 
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As with the split-expander cycle, a major concern during deep throttling is low-frequency combustion 
instability resulting from low oxidizer injector pressure drops (< 5% AP/1\). To maintain the required pressure 
loss without having to vaporize the oxygen, the dual-oritice injector concept was used in the full-expander cycle 
studies. The dual-orilice injector allows the effective injection area to be varied with thrust level, giving an 
acceptable average injector pressure loss both at low thrUvSt and full thrust, as shown in Figure 53. The oxygen is 
injected utilizing tangential swirl elements to promote momentum exchange between the primary and secondary 
streams, and the net injection velocity is sufficient for good atomization and efficiency. 

Using the 20 kib thrust level as the design point, a mixture ratio sensitivity study was conducted with the 
full-expander cycle with regeneration. The specific O/Fs studied were from 5 to 7 and 12.0. Detailed cycle 
sheets for these operating points are contained in Appendix D. A plot of chamber pressure and chamber/nozzle 
heat transfer versus mixture ratio is shown in Figure 54. The characteristics display the same trends for the 
full-expander cycle with regeneration as those seen with the split expander cycle. At the lower O/F levels, the 
cycle runs out of power and chamber pressure falls off. The coolant and turbine flow for the full-expander cycle 
with regeneration, operating at high mixture ratio, is much lower than the design value; consequently, turbopump 
performance suffers and the achievable chamber pressure is lower. At the mixture ratio of 12.0, the chamber 
pressure drops to 1 160 psia. As with the split-expander cycle, the FSV must be throtlled to load the fuel system. 
The valve is closed to under 10 percent of its design value. The selected control system with partial regenerator 
bypass, as was previously shown in Figure 41, provides lower coolant exit temperature than acliievable wiUiout 
turbine bypass, but temperatures are still above current acceptable limits for copper thrust chambers. Either 
improved materials, or a more complex control system that provides complete regenerator bypass, would be 
required to achieve operation at a mixture ratio of 12.0. Either approach would be expected to reduce achievable 
chamber pressure over some portion of the mixture ratio range. 



Figure 33. Coaxial Dual Area Orifice Injector 
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Entrance 


Figure 34. XLR-129 Demonstrator Engine Preburner Injector With Dual Tangential Entry Injection 
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Figure 35, Tangential Entry Dual-Orifice Injection 
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Figure 36. Maximum Tlmisi Chamber Wall Temperature With Throttling for a 
Typical Cycle and for the Split-Expander Cycle 
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Figure 37. Comparison of Thrust Chamber Walt Temperature Versus Mixture 
Ratio for Typical and Split-Expander Cycles 
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Figure Coolant Exit Temperature Versus Percent Thrust for the Full-Expander Cycle With Regeneration 



Figure 39. Jacket Wall Temperature Versus Percent Thrust for the Full-Expander Cycle With Regeneration 
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Figure 41. Space Engine Control Schematic — Full -Expander Cycle With Regeneration 
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Figure 42, Typical Turbopump Head-Capacity Ciirx^e 
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Figure 43. Volute Collector With Inducer Struts Provides Head-Flow Characteristics 
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Figure 44. Tlirit.sl Chamber ami Nozzle Cooling Configuration for the FiiU-Expansion 
Cycle With Regeneration ami the Split- Expander Cycle 
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Figure 45. Split-Expander Cycle Throttling, Coolant Exit Temperature Versus Percent Thrust 
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Figure 46. Split-Expander Cycle Throftlitig, .JBV Control Valve Area Versus Percent Thrust 
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Figure 47. Split-Expander Cycle Throttling, TBV Control Valve Area Versus Percent Thrust 
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Figure 48. Split- Expander Cycle Throttling, Ratio of AP Across Injector to Pc Versus Percent Thrust 
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Figure 49. Split-Expander Cycle Chamber Pressure, and Nozzle Heat Transfer Versus Mixture Ratio 
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Figure 50, Full Expander With Regenerator, Coolant Exit Temperature Versus Percent Thrust 
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Figure 51. Full Expander With Regenerator, TIW Control Valve Area Versus Percent Thrust 
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Figure 52. Full Expander With Regenerator, Coolant Inlet Temperature Versus Percent Thrust 
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Figure 53. Full Expander With Regenerator, Ratio of AP Across Injector to Pc Versus Percent Thrust 
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Figure 54. Fidi-Expander Cycle Willi Regenerator, Chamber Pressure ami 
Chamber/Nozzle Heat Transfer Versus Mixture Ratio 


55 



SECTION IV 
RECOMMENDATIONS 


Based upon the results of this study and related ongoing space engine studies at Pratt & Whitney, the 
following recommendations are offered; 

1. Steps should be taken to investigate the key technology issues associated with design and 
fabrication of copper tubular thrust chambers. These issues include: (a) determination of the 
heat transfer enhancement associated with tubular chambers compared to smooth wall chambers, 

(b) determination of cyclic structural life increases associated with copper tubes over milled 
channel construction, and (c) investigation of copper tube chamber fabrication techniques to take 
full advantage of the total heat transfer and life advantages of copper tubular chambers. 

2. The study should be expanded to investigate optimum cycles and design approaches for expander 
cycle engines in the 50 to 2(X)klbf thrust range. 

3. Interface definition should be expanded in conjunction with system requirement definitions from 
vehicle contractors. 

4. Performance and envelope data should be updated as performance and technology levels become 
better defined from such sources as the NASA-LeRC high area ratio performance investigations 
and focused technology programs. 
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APPENDIX A 
PARAMETRIC DATA 

Parametric data are presented in Figures 55 through 107. 


57 




Figure 55. ^i,ac Vacuum Thrust for Chamber Pressure = 2000 psia 
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Figure 56. Vacuum Thrust for Chamber Pressure = 1500 psia 
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Figure 57. Versus Vacuum Thrust for Chamber Pressure = 2000 psia 
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Figure 5H, Vacuum Specific Impulse Versus Length for Chamber Pressure - WOO psia 
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Figure .59. Vacuum Specific Impulse Versus Length for Chamber Pressure = 1500 psia 
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Figure 60. Vacuum Specific Impulse Versus Length for Chamber Pressure - 2000 psia 
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Figure 61. Vacuum Specific Impulse Versus Diameter for Chamber Pressure * 1000 psia 
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Figure 62. Vacuum Specific Impulse Versus Exhaust Nozzle Exit Diameter for Chamber 
Pressure =» 1500 psia 
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Figure 63. Vacuum Specific Impulse Versus Exhaust Nozzle Exit Diameter for Chamber 
Pressure - 2000 psia 
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Figure 64, Exhaust Nozzle Exit Diameter Versus Thrust for Chamber Pressure = WOO 
psia 
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Figure 65 Exhaust Nozzle Exit Diameter Versus Thrust for Chamber Pressure - 1500 
psia 
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Figure 66. Exhaust Nozzle Exit Diameter Versus Thrust for Chamber Pressure - 2000 
psia 
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Figure 67. Exhaust Nozzle Exit Diameter Versus Area Ratio for Chamber Pressure 
1000 psia 
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Figure 6H. Exhaust Nozzle Exit Diameter Versus Area Ratio for Chamber Pressure 
1500 psia 
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Figure 69. Exhaust Nozzle Exit Diameter Versus Area Ratio for Chamber Pressure 
2000 psia 
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Figure 70. Engine Length Versus Thrust for Chamber Pressure = WOO psia 
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Figiirt / 1 . Engine Length Versus Thrust for Chamber Pressure = 1500 psia 







Figure 12, Engine Length Versus Thrust for Chamber Pressure - 2000 psia 





















Figure 73. Engine Length Versus Area Ratio for Chamber Pressure = 1000 psia 
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Figure 75. Engine Length Versus Area Ratio for Chamber Pressure - 2000 psu 
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Figure 76. Parametric Engine Dry Weight Data for Chamber Pressure ~ WOO psia 
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Figure 77. Parametric Engine Dry Weight Data for Chamber Pressure = 1250 psia 
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Figure 7H. Parametric Engine Dry Weight Data for Chamber Pressure = 1500 psia 
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Figure cSO, Parametric Engine Dry Weight Data for Vacuum Thrust = 15,000 pounds 
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Figure 82. Parametric Engine Dry Weight Data for Vacuum Thrust =■ 37,500 pounds 



















Figure 83. Parametric Engine Dry Weight Data for Vacuum Thrust = 50,000 pounds 
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Figure H7. Parametric Engine Dry Weight Data for Area Ratio - 1000 
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Figure Parametric Engine Dry Weight Data for Area Ratio = 1200 
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Figure <S’9. Parametric Engine Dry Weight Data for Thrust - 7500 lb 
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Figure 90. Parametric Engine Dry Weight Data for Thrust =* 15,000 lb 











Figure 91. Parametric Engine Dry Weight Data for Thrust = 25,000 lb 
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Figure 93. Parametric Engine Dry Weight Data for Thrust = 50,000 lb 
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Figure 95. Parametric Engine Dry Weight Data for Chamber Pressure * 1250 psia 
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Figine 96. Parametric Engine Dry Weight Data for Chamber Pressure ~ 1500 psia 










UK) 


Parametric Engine Dry Weight Data for Chamber Pressure = 1000 psia 
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Fii^ure 9.S, Parametric Engine Dry Weight Data for Chamber Pressure = 1250 psia 
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Figure 100. Parametric Engine Dry Weight Data for Chamber Pressure = WOO psia 
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Figure Jui. Parametric Engine Dry Weight Data for Chamber Pressure = 1250 psia 









Figure IU2. Parametric Engine Dry Weight Data for Chamber Pressure = 1500 psia 
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Figure iu3. Parametric Engine Dry Weight Data for Area Ratio “ 210 
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Figure 106 . Parametric Engine Dry Weight Data for Area Ratio 
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Figure 107. Parametric Engine Dry Weight Data for Area Ratio = 1200 



APPENDIX B 
FULL-THRUST CYCLES 


Full-ttirusl cycle data are presented in Tables 9 through 4S. 


Ill 



TABLE 9. — FULL-EXPANDER ENGINE — 7500 LBF THRUST (COPPER TUBE 

CHAMBER) 


ENG INC PE»f^ORHANCE PARAMETERS 


CHAMBER PRESSURE IBM. 5 
VAC ENGINE THRUST 7500. 
TOTAL ENGINE FLtX RATE 15.42 
DEL. VAC. ISP ABO.J 
THROAT AREA 1*97 
NOZZLE AREA RATIO 1 000.0 
NOZZLE EXIT DlAlCTER 50.10 
ENGINE MIXTURE RATIO 4.00 
ETA C» 0.»93 
chamber COOLANT IP 7»1. 
chamber coolant DT 785. 
NOZZLE/CMAMBER 0 4571. 


ENGINE station conditions 


■ FUEL SYSTEM CONDITIONS • 


STATION 

PRESS 

TEMP 

B.P. INLET 

18.4 

37.4 

B.P. EXIT 

100.4 

38.5 

PUMP INLET 

100.4 

38.5 

1ST STAGE EXIT 

1894.8 

49.3 

2ND STAGE EXIT 

3418.5 

97.8 

PUMP EXIT 

5287.4 

124.3 

COOLANT INLET 

5234.8 

124.7 

COOLANT EXIT 

A443.4 

599.5 

tbv inlet 

4399.1 

•09.8 

TBV EXIT 

2084.4 

525.4 

02 TRB INLET 

4399.1 

•09.8 

02 TRB EXIT 

4003.3 

B93.4 

H2 TRB inlet 

4005.3 

893.4 

H2 TRB EXIT 

2209.2 

794.1 

M2 TRB DIFFUSER 

2182-0 

794.3 

H2 BST TRB IN 

2140.2 

794.3 

H2 BST TRB OUT 

2141.2 

795.2 

M2 BST TRB DIFF 

2124.1 

795.3 

02 BST TRB IN 

2104.9 

795.4 

02 BST TRB OUT 

2094.3 

794.8 

02 BST TRB DIFF 

2094.8 

794.8 

K2 TANK PRESS 

18.4 

814.2 

GOX HEAT EXCH IN 

2084.4 

801.4 

GOX MEAT EXCH OUT 

2073.9 

801.0 

FSOV INLET 

2073.9 

801.0 

FSOV EXIT 

2022.1 

801.4 

CHAMBER IHJ 

2001.8 

801.5 

CHAMBER 

1842.5 



FUON 

ENTHALPY 

DENSITY 

2.23 

-107.5 

4.57 

2.23 

-103.0 

4.39 

2.23 

-103.0 

4.59 

2.23 

24.4 

4.27 

2.23 

144.9 

4.25 

2.23 

244.1 

4.28 

2.23 

244.1 

4.24 

2.23 

3205.3 

0.82 

0.11 

3205.3 

0.81 

0.11 

3205 . 5 

0.40 

2.12 

3205.3 

0.81 

2.12 

3 1 38 .4 

0.74 

2.12 

3138.4 

0.74 

2.12 

2751.9 

0.49 

2.12 

2751.9 

0.48 

2.12 

2751.9 

0.48 

2.12 

2747.1 

0.48 

2.12 

2747.1 

0.47 

2.12 

2747.1 

0.47 

2.12 

2744.4 

0.47 

2.12 

2744.4 

0.47 

0.0022 

2747.4 

0.0043 

2.23 

2747.4 

0.44 

2.23 

2744.2 

0.44 

2.23 

2744.2 

0.44 

2.23 

2744.2 

0.45 

2.23 

2744.2 

0.44 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP INLET 
PUMP EXIT 

02 TANK PRESS 

ocv inlet 

OCV EXIT 

chamber inj 
chamber 


VALVE 

TBV 

FSOV 

ocv 


INJECTOR 

FUEL 

LOX 


• OXYGEN 

1 SYSTEM 

CONDITIONS 

■ 


PRESS 

TE>#» 

FLOM 

ENTHALPY 

DENSITY 

14.0 

142.7 

13.4 

41.1 

71.17 

135.4 

143.2 

15.4 

41.5 

71 .20 

135.4 

143.2 

13.4 

41. S 

71.20 

3014.3 

178.2 

13.4 

72.1 

71.52 

14.0 

coo.o 

0.025 

204.7 

0.12 

2984.2 

178.3 

13.4 

72.1 

71.47 

2090 . 5 

181.8 

13.4 

72.1 

70.08 

2048.7 

1862.5 

182.0 

13.4 

72.1 

70.02 



• VALVE DATA ■ 


DELTA P 

AREA FLOW 

X BYPASS 

2315. 

0.01 0.11 

5.00 

52. 

0.47 2.23 


894. 

0.08 13.59 



■ 

INJECTOR 

DATA ■ 


DELTA P 

AREA 

FLOH 

VELOCITY 

139. 

0.47 

2.23 

1549.44 

207. 

0.18 

13.59 

154.98 
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TABLE 9. — 


KULL-EXPANDER ENGINE — 7500 LBF THRUST (COPPER TUBE 
CHAMBER) (CONTINUED) 


• K2 BOOST ruRBlhC • 


EFFICIENCY 

(T/T) 

D.4B7 

EFFICIENCY 

(T/S) 

0.333 

SPEED 

(RPN) 

75525 . 

mean OIA 

(IN) 

0.B2 

EFF AREA 

(IM2) 

1.03 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

3*0. 

STAGES 


1 

GANNA 


1 .30 

PRESS RATIO 

(T/T) 

1 .01 

PRESS RATIO 

(T/S) 

1 .02 


MO«SEPO»«J» 

EXIT MACH WUMBOI 
SPECIFIC SPEED 
SPECIFIC DlA^em 


14. 

0 . 1 * 

KS.M 

Q.SB 


■ K2 TURBINE * 


(IN) 

(IM2) 


EFFICIENCY 
EFFICIENCY 
SPEED 
MORSEPOhC* 

MEAN OlA. 

EFF AREA 
U/C (ACTUAL) 

NAX TIP SPEED 

stages 

GANNA 

PRESS RATIO IT/T) 
PRESS RATIO (T/S) 
EXIT HACM NtPOER 
SPECIFIC SPEED 
SPECIFIC DiAfCTEX 


(T/T) 

CT/S) 

(RPN) 1B7S00. 

lUl. 


O.BDl 
0. 7*1 


1.4? 

0.11 

0.S21 

1454. 

J 

1 -SB 
1 .SI 
1 -B4 
0. >4 
S3. 11 
1 .SO 


0? BOOST TUtBDC 


CRY PERFORMANCE 

DATA • 



■ 

m 

K? BOOST PUMP • 


EFFICIEICY 

B. 744 


WIRSCPaCR 

14. 


SPEED (RPMl 

75325 . 


S SPEED 

304*. 


)CAD 

(FT) 

24BB. 


DIA. 

( IM) 

1.33 


TIP SPEED 

43*. 


VOL. 

FL(M 

22*. 


4CAD 

COEF 

0.450 


FLOM COEF 

0.201 



• H2 Pipr 

• 



stage one 

stage tmo 

stage TmCE 

EFFICIENCY 

0.405 

0.412 

0.417 

HORSCPfRCR 

404. 

3*4. 

371. 

SPEED (RPM) 

10 7500. 

1B7500. 

1*7500. 

SS SPEED 

*332. 



S SPEED 

74*. 

74*. 

7*5. 

)CAD (FT) 

40127. 

5B234. 

54324. 

DIA. (IN) 

2.35 

2.35 

2.55 

TIP SPEED 

1*25. 

1*24. 

1*25- 

VOL. FLOM 

235. 

234. 

234. 

)CAD COEF 

0.522 

0.504 

0.4** 

FLOM COEF- 

0.0*3 



DIANETO RATIO 

B.313 



BEARDC ON 

s.oee*B4 



SHAFT D1A7CTEX 

14.00 



• 02 BOOST PIB^ ■ 







EFFICIENCY 

(T/T) 

0.*04 

efficiency 

(T/S) 

0.455 

SPEED 

(RPM) 

201*4. 

»CAN DIA 

(IN) 

2.25 

EFF AREA 

(1K2) 

1.54 

U/C (ACTUAL) 

0.553 

MAM TIP SPEED 

23*. 

STAGES 


1 

Ganna 


1 .3* 

PRESS RATIO 

(T/T) 

1.00 

PRESS RATIO 

(T/S) 

1.01 

horsepomer 


B. 


EFFICIOCY 


EXIT MACH NUMBC* 
SPECIFIC SPEED 
SPECIFIC DIA*CTER 


O.BS 
10) .47 
O.Bl 


SPEED IRPM) 
S SPEED 
ICAD (FT) 

DIA. (IN) 

TIP SPEED 
VOL. FLDM 
*CAO COCF 
FLOM COCF 


0.744 

B. 

201B4. 

3024. 

242. 

1.4* 

132. 

BS. 

0.4SB 

B.200 


• 02 TURB1*C ■ 


■ oe PIP^ m 


(T/T) 

IT/S) 

(RPM) 

(IN) 

I1K2) 


EFFICIEMCY 
EFFICIENCY 
SPEED 
MORSEPOK* 

MEAN DIA 
EFF AREA 
U/C (ACTUAL) 

MAX TIP SPEED 
STAGES 
(MHNA 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
EXIT MACH NuraCR' 
SPECIFIC SPEED 
SPECIFIC DIA»C70 


O.SOS 
0.7S5 
13D4S2. 
201 . 
1 .*2 

0. 1B 
O.SOS 

*♦4. 

I 

1 .SB 

1 . )0 

1 .11 


EFTICIE7CY 
HQRSEP04OI 
SPEED (RPM) 
SS SPEED 
S SPEED 
»«AO (FT) 

OIA. (IN) 

TIP SPEED 
VOL. FLOM 
HEAD COEF 
FLOM COD' 
DlATCTER RATIO 
BEARING CM 
SHAFT tiATCTER 


0.703 
201 . 
1304S2. 
234BI. 
1B04. 
57**. 
1 .IB 
475. 
B4. 
0.41B 
0.154 
0.47* 

1 .57E*04 

12.00 
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TABLE 10. — FULL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE performance PARAMETERS 


chamber pressure 

VAC ENGINE THRUST 
TOTAL ENGINE FLOW RATE 
del. vac. ISP 
T1«CMT AREA 

nozzle area ratio 
nozzle exit diameter 

ENGPC MIXTURE RATIO 
eta C" 

chamber coolant dp 

CHAMBER COOLANT OT 

nozzle/chamber 0 


1694. S 
15000. 
31.25 
<80. 0 
<.52 
1000.0 
7<,21 
6.00 
0.993 
579. 
599. 
10185. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS • 


STATION 

PRESS 

TEMP 

B.P. INLET 

18.6 

57. < 

B.P. EXIT 

100.6 

38.5 

PUMP INLET 

100.6 

38.5 

1ST STAGE EXIT 

18<5.1 

6<.7 

2ND STAGE EXIT 

5556.9 

89.5 

pur^ EXIT 

5250.8 

113.0 

COOLANT INLET 

5198.5 

113.5 

COOLANT EXIT 

<619.0 

712.1 

TBV inlet 

<572.8 

712. < 

TBV EXIT 

1898 . 6 

729.1 

02 TRB inlet 

<572.6 

712. < 

02 TRB EXIT 

<125.2 

698.9 

K2 TRB inlet 

<125.2 

698.9 

H2 TRB EXIT 

2026.9 

613.0 

H2 TRB DIFFUSER 

1993.6 

615.2 

M2 BST TRB IN 

1973.7 

613.2 

H2 BST TRB OUT 

1952.9 

612.1 

M2 BST TRB DIFF 

1958.9 

612.2 

02 BST TRB IN 

1919.5 

612.3 

02 BST TRB OUT 

1909.6 

611.6 

02 BST TRB DIFF 

1908.1 

611.6 

K2 TANK PRESS 

18.6 

627.2 

GOX NEAT EXCH IN 

1898.6 

617.5 

COX MEAT EXCH OUT 

1889.1 

617.1 

FSOV INLET 

1889.1 

617.1 

FSOV EXIT 

18<1.8 

617. < 

chamber IHJ 

1825.3 

617.5 

chamber 

1696.5 



FLOW 

ENTHALPY 

DENSITY 

<.<7 

-107.5 

<.37 

<.<7 

-105.0 

4.39 

<.<7 

-105.0 

<.39 

<.<7 

10. < 

<.38 

<.<7 

121.5 

<.<0 

<.<7 

229.5 

<.<6 

<.<7 

229.5 

<.« 

<.<7 

2508.0 

1.06 

0.22 

2508.0 

1.05 

0.22 

2508.0 

0.<6 

<.2S 

2508.0 

1.05 

<.25 

2«9.6 

0.98 

<.25 

2«9.6 

0.98 

<.25 

2099.5 

0.58 

<.25 

2099.5 

0.57 

<.25 

2099.5 

0.57 

<.25 

209<.8 

0.56 

<.25 

209<.8 

0.56 

<.25 

209<.S 

0.55 

<.25 

2092.2 

0.55 

<.25 

2092.2 

0.55 

0.0058 

2115.0 

0.0057 

<.<• 

2113.0 

0.5< 

<.<6 

2111.6 

0.54 

<.<6 

2111.6 

0.5< 

<.<6 

2111.6 

0.55 

<.<6 

2111.6 

0.52 


STATION 
B.P. INLET 
B.P. EXIT 
INLET 
PUMP EXIT 

02 tank press 
ocv inlet 

OCV EXIT 
CHAMBER !NJ 

chamber 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


■ OXYGEN SYSTEM CONDITIONS ■ 


PRESS 

TEMP 

FLCM 

ENTHALPY 

16.0 

162.7 

26.8 

61.1 

135.6 

165.2 

26.8 

61.5 

135.6 

165.2 

26.8 

61.5 

27<7.5 

175.9 

26.8 

70.7 

16.0 

<00.0 

0.0<5 

20<.7 

2720.0 

176.0 

26.8 

70,7 

190<.0 

179.1 

26.8 

70.7 

1866.1 

179.5 

26.8 

70.7 

1696.5 





DELTA P 

■ VALVE DATA 
AREA 

FLON 

X BYPASS 

267<. 

0.01 

0.22 

s.oo 

<7. 

1.30 

<.<6 


816. 

0.17 

26.78 



H 

INJECTOR 

DATA ■ 


DELTA P 

area 

FLON 

VELOCITY 

127. 

0.90 

<.<6 

1188.26 

188. 

0.37 

26.78 

K9.S6 


DENSITY 

71.17 

71.20 

71.20 

71.65 

0.12 

71.59 

70.52 

70.26 
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TABLE 10. — FULL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


■ TURBOnACHlNEftV PERFORHANCC DATA ■ 


• KZ MOST TURtItC ■ 


E^ICIEHCV 

CT/T) 

0.7<( 

EFFICIOCy 

IT/SI 

O.SBl 

SP€ED 

(RPM) 

S5S00. 

>CAM DIA 

(IH) 

l.U 

EFF AltEA 

(1M2) 

l.BO 

U/C lACTUAL) 

0.S50 

KAX TIP SPEED 

IBO. 

stages 


1 

GAWA 


1.4S 

PBESS RATIO 

(T/T) 

1.01 

PIkCSS RATIO 

IT/S) 

1.02 

HORSEP9CR 


20. 

EXIT NACH MMBEJt 

0.10 

SPECIFIC SPEED 

I4B.19 

SPECIFIC DIA^TEK 

0.S2 


• K2 BOOST • 


EFFICIE>CY 

0.744 

HORSEPdCR 

20. 

SPEED I RPM) 

SJSOt. 

S SPEED 

S04B. 

)CA0 (FT) 

240S. 

OIA. (IN) 

l.BO 

TIP SPEED 

«SB. 

VOL. FLCM 

4S7. 

)CAO COEF 

0.4S0 

FLOW COEF 

0.201 


• K2 T\ABI»C ■ 


• HZ B 


STAGE OC stage TMO STAGE T>«tCE 


EFFICIENCY 

(T/T) 

0.7M 

CFFICIE>CY 

0.440 

0.4S1 

0.453 

EFFICIENCY 

(T/S) 

0.774 

HORSCPOCR 

717. 

701. 

4BS. 

SPEED 

(RPfft) 

I3434S. 

SPEED (RPM) 

13«3i3. 

134343. 

134343. 

HOASEPOCX 


2103. 

SS SPEED 

OSB7. 



»CAN DIA. 

(IN) 

2.35 

S SPEED 

7BO. 

707. 

BBS. 

EFF AREA 

(IH2) 

0.10 

»CAO (FT) 

S727B. 

S4200. 

VS 023. 

U/C (ACTUAL) 

0.440 

DIA. (IN) 

3.12 

3.12 

3.12 

NAX TIP SPEED 

14BI. 

TIP SPEED 

IBSO. 

tsso. 

IBSO. 

stages 


2 

VOL. FUM 

4SB. 

4S4. 

4S0. 

GAm4 


1.4S 

HEAD COEF 

o.sss 

0.S23 

0.512 

PRESS RATIO 

(T/T) 

2.03 

FLON COEF 

0.004 



PRESS RATIO 

(T/S) 

2. OB 

diameter RATIO 

0.351 



EXIT NACM WPiaCK 

O.IS 

bearing on 

S.00E*04 



SPECIFIC SPEED 

S0.S4 

SHAFT 0IA)CTE]I 

22.00 



SPECIFIC DIATCTEX 

1.44 






• 02 BOOST TMB1»C ■ ■ Q2 BOOST PLAT • 


EFFICIENCY 

(T/T) 

O.B24 

CFFICIEICY 

0.744 

EFFICIENCY 

(T/S) 

0.4B7 

MORSEPOO 

15. 

SPEED 

(RPM) 

14272. 

SPEED (RPM) 

14272. 

(CAM DIA 

(IN) 

3. IB 

S SPEED 

3024. 

EFF iUtEA 

(1N2) 

2.44 

>CAO (FT) 

242. 

U/C (ACTUAL) 

0.553 

OIA. (IN) 

2.11 

max tip SPEED 

235. 

TIP SPEED 

132. 

stages 


1 

VOL. FLCM 

140. 

GAfBOA 


I.4S 

)CAD COEF 

0.45B 

PRESS RATIO 

(T/T) 

1.01 

FLOM COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPOICR 


IS. 



EXIT MACH WtteCX 

0.03 



SPECIFIC SPEED 

04.02 



SPECIFIC DtJUCTER 

0.B4 




■ 02 TIRBINE B 


B 02 PiP» 

Itt 

• 

EFFICIENCY 

(T/7) 

0.B17 

EFFICIEOCV 

0.73B 

CFFICIOCY 

(T/S) 

0.771 

HORSEPOkCR 

351. 

SPEED 

(RPM) 

B7740. 

SPEED (RPN) 

B7740. 

HORSEPOOCR 


351. 

SS SPEED 

22303. 

XAM DIA 

ON) 

2.33 

S SPEED 

1B4S. 

EFF area 

(1N2) 

0.20 

)CAD (FT) 

5240. 

U/C (ACTUAL) 

0.523 

DIA. (IN) 

1.44 

MAX TIP SPEED 

052. 

TIP SPEED 

434. 

stages 


1 

VOL. FLCM 

14B. 

GAmA 


1.45 

^CAD COEF 

0.420 

PRESS RATIO 

tT/T) 

l.U 

FLOM COEF 

0.155 

PRESS RATIO 

tT/S) 

1.12 

diameter ratio 

0.4B2 

EXIT MACH KM«CR 

O.QB 

bearing on 

1.40£*04 

SPECIFIC SPEED 

45.33 

SHAFT DIA>CTER 

U.OO 

SPECIFIC diameter 

1.45 
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TABLE 11. — FULL-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENCi« performance parameters 


CHAMBER PRESSURE 
VAC EMCI»C THRUST 
TOTAL EMGIfC FLOW RATE 
DEL. VAC. ISP 
throat area 
NOZZLE AREA RATIO 
NOZZLE EXIT DIAMETER 
ENGINE MIXTURE RATIO 
ETA C» 

CHAMBER COOLANT DP 
CHAMBER COOLANT DT 

nozzle/chamber Q 


UOS.A 
ZSOOO. 
S2.0B 
480.0 
7.M 
1000.0 
98. SZ 
i.OO 
0.99S 
4 » 5 . 
SOS. 
U5S4. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

B.P. P4-ET 

18.4 

l.P. EXIT 

100.9 

PU>^ l«_ET 

100.9 

1ST STAGE EXIT 

14S8.4 

2ND STAGE EXIT 

2BS1.9 

PUMP EXIT 

4222.8 

COOLANT INLET 

4180.4 

COOLANT EXIT 

548S.4 

TBV I14.ET 

5448. S 

TBV EXIT 

179S.S 

02 TRB INLET 

5448. S 

02 TRB EXIT 

5244.7 

H2 TRB INLET 

5244.7 

H2 TRB EXIT 

192S.4 

K2 TRB DIFFUSER 

1888.2 

M2 BST TRB IN 

1849.5 

H2 BST TRB OUT 

1848.2 

H2 BST TRB DIFF 

1854. 8 

02 BST TRB IN 

1814.4 

02 BST TRB OUT 

1804.0 

02 BST TRB DIFF 

1804. S 

H2 tank press 

18.4 

COX heat exch in 

179S.S 

GOX «AT EXCH OUT 

1784. S 

FSOV II4.ET 

17B4.S 

FSOV EXIT 

1741.9 

CHAMBER INJ 

1724.5 

CHAMBER 

1405.4 


TEMP 

FLOM 

ENTHALPY 

57.4 

7.45 

-107.5 

58. S 

7.45 

-105.0 

58. S 

7.45 

-105.0 

S4.9 

7.45 

-25.5 

70.7 

7.45 

51.8 

84.2 

7.45 

128.4 

84.4 

7.45 

128.4 

591.9 

7.45 

2055.1 

S92.1 

0.57 

2055.1 

401.9 

0.57 

2055 . 1 

S92.1 

7.08 

2055.1 

579. S 

,7.08 

2001.5 

S79.5 

7.08 

2001.5 

S19.S 

7.08 

1757.7 

519.4 

7.08 

1757.7 

519.4 

7.08 

1757.7 

518. 5 

7.08 

1755.0 

518.4 

7.08 

1 755.0 

518.4 

7.08 

1755.0 

518.0 

7.08 

1750.4 

518.0 

7.08 

1750.4 

529.4 

0.0115 

1745.4 

522.2 

7.44 

1745.4 

521.9 

7.44 

1744.5 

521.9 

7.44 

1744.5 

522.1 

7.44 

1744. S 

522.2 

7.44 

1744.5 


DENSITY 
4.S7 
4.59 
4.59 
4. SO 
4.SS 
4. (7 
4.(S 
1.02 
1.01 
0.S5 
1. 01 
0.94 
0.94 
0.44 
0.45 
0.45 
0.42 
0.42 
0.41 
0.41 
0.41 
0.0044 
0.40 
0.40 
0.40 

o.sa 

0.S8 


STATION 
B.P. IILET 
8.P. EXIT 
PUM» IM^T 
pmv EXIT 

02 TANK PRESS 
OCV I»C£T 
OCV EXIT 
CHAMBER IHJ 
CHAMBER 


valve 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


• OXYGEN SYSTEM CtPOlTIONS 


PRESS 

TE»*» 

FLOM 

14.0 

142.7 

44.7 

155.4 

145.2 

44.7 

155.4 

145.2 

44.7 

2594.8 

174.4 

44.7 

14.0 

400.0 

0.074 

2570.9 

174.7 

44.4 

1799.4 

177.4 

44.4 

1743.8 

177.8 

44.4 

1403.4 




VALVE DATA • 

delta p 

AREA 

FLOW 

1855. 

0.02 

0.37 

45. 

2.10 

7.44 

771. 

0.28 

44.44 

m 

injector 

DATA ■ 

DELTA P 

area 

FLOW 

121 - 

1 -45 

7-44 

178. 

0.43 

44.44 


ENTHALPY 
41.1 
41. S 
41. S 
70.0 
204.7 
70.0 
70.0 
70.0 


X BYPASS 

s.oo 


VELOCITY 
1291 .OS 
14S.27 


DENSITY 

71.17 

71.20 

71.20 

71.49 

0.12 

71. 45 

70. 45 
70.59 
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TABLE 11. — 


FULL-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 
TUBE CHAMBER) (CONTINUED) 


• PEKFOftMMCC DATA 


• HZ BOOST TUtBI»C • 


> HZ BOOST Bltr 


EFFICIENCY IT/TI 
EFFICIENCY IT/S> 
SFEEB (RPH) 

HEAN DIA flN) 

EFF AAEA ( IK? ) 
U/C (ACTUAL) 

KAK TIP SPEED 

stages 

GAWA 

PRESS RATIO IT/T) 
PRESS RATIO (T/S) 
HORSEPOlCR 
EXIT MACH number 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


EFFICIENCY 
HDRSEPCACR 
SPEED IRPM) 
S SPEED 
»CAD CFT) 

DIA. (IN) 

TIP SPEED 
VOL. FLOM 
)CAO CXCF 
FLOM COEF 


• KZ TURBI»C ■ 


EFFICIENCY IT/T) 
EFFICIENCY IT/S) 
SPEED (RPN) 

HORSEPOlCR 
ICAN DIA. (IN) 
EFF AREA ( lie ) 
U/C (ACTUAL) 

max tip speed 

STAGES 

CAMHA 

PRESS RATIO IT/T) 
PRESS RATIO (T/S) 
EXIT HACH MU O C R 
SPECIFIC SPEED 
SPECIFIC OIA)CTER 




STAGE CPC 

■ 

STAGE TMO 

STME T>«EE 

0.B45 

EFFICIENCY 

0.724 

0.72S 

0.724 

O.BZS 

HORSEPOWR 

■ 17. 

015. 

■ 10. 

12SD00. 

SPEED (RPM) 

12S000. 

I2S000. 

12S000. 

Z4A1. 

SS SPEED 

I151B. 



2.54 

S SPEED 

1)24. 

1121. 

Ills. 

0.5B 

)CAO (FT) 

45740. 

4SSOO. 

452*4. 

0.S21 

OIA. (IN) 

5.04 

5.04 

5.04 

1414. 

TIP SPEED 

1471. 

1470. 

1471. 

? 

VOL. FLON 

745. 

750. 

717. 

1.54 

)CAD OOEF 

O.S04 

0.SO2 

0.4*0 

I.7B 

FLOM exxr 

e.iiB 



1.74 

DIAICTER RATIO 

0.412 



B.ia 

bearing ON 

5.00E*04 



41.4S 

SHAFT DiAfCTER 

24.00 




* 02 BOOST TWBDC » 


■ QZ BOOST PUr ■ 


CFFICIEXrV IT/T) 
CFFICIEJCY IT/S) 
SPEED (RPM) 

mean DIA I IN) 
EFF AREA (IK?) 
U/C (ACTTM.) 

MAX TIP SPEED 

stages 

GAMMA 

PRESS ratio (T/T) 
PRESS RATIO (T/S) 
HORSEPOlCR 
EXIT MACH HlMSEft 
SPECIFIC SPEED 
SPECIFIC DIA^CTER 


(T/T) 0.B77 
(T/S) 0.75A 
(RPM) llOSS. 


EFFICIENCY 

0.744 

HORSEPOlCR 

24. 

SPEED IRPM) 

IIOSS. 

S SPEED 

5024. 

«AO (FT) 

242. 

DIA. (IN) 

2.72 

TIP SPEED 

152. 

VOL. FUM 

2*2. 

>CA0 COEF 

0.4S0 

FLOM CaCF 

0.200 


■ O? TURBlIC * 


EFFICIEKCy (T/T) 
EFFICIENCY (T/S) 
SPEED (RPM) 

HORSEPOlCR 
MEAN DIA (IN) 

EFF AREA (IKZ) 
U/C (ACTUAL) 

MAX TIP SPEED 

stages 

CAmA 

PRESS RATIO (T/T) 
PRESS RATIO I T/S) 
EXIT HACH number 
SPECIFIC SPEED 
SPECIFIC diameter 


EFFICIENCY 

0.747 

ICRSEPOiCR 

S5*. 

SPEED (RPN) 

4SB41. 

SS SPEED 

21411. 

S SPEED 

1070. 

»CA0 (FT) 

4*42. 

DIA. (IN) 

2.12 

TIP SPEED 

411. 

VOL. FLQN 

200. 

ICAD COEF 

0.424 

FLW COEF 

0.1S4 

DIAICTER RATIO 

0.4B5 

■CARING DN 

1 .4SE»04 

SHAFT diameter 

22.00 
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TABLE 12. - FULL-EXPANDER ENGINE - 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE performance PARAPCTERS 


chamber pressure 

VAC ENGINE THRUST 
TOTAL ENGINE FLOW RATE 
DEL. VAC. ISP 
THROAT AREA 
nozzle area RATIO 
nozzle exit DIAMETER 
ENGINE MIXTURE RATIO 
ETA C- 

chamber coolant dp 
chamber coolant dt 

NOZZLE /chamber 0 


1502. f 
S7500. 
78.13 
A80.0 
12 . 1 * 
1000.0 
124.41 
4.00 
0.9*3 
447. 
420. 
1B018. 


ENGINE STATION CCPCITIONS 


« FUEL SYSTEM CONDITIONS » 


STATION 

press 

TEI** 

B.P. INLET 

18.4 

37.4 

B.P. EXIT 

100.3 

58.5 

PUMP INLET 

100.3 

58.5 

1ST STAGE EXIT 

1523.0 

55-0 

2ND STAGE EXIT 

2*71 .B 

70.* 

PUMP EXIT 

A445 .4 

84.4 

COOLANT INLET 

AAOO. 9 

84.8 

COOLANT EXIT 

5953.5 

507.0 

TBV INLET 

5914.0 

507.2 

TBV EXIT 

1682.1 

517.4 

02 TRB INLET 

5914.0 

507.2 

02 TRB EXIT 

3491.1 

4*5.* 

H2 TRB inlet 

5491 . 1 

4*5.* 

M2 TRB EXIT 

1818.5 

455.4 

H2 TRB DIFFUSER 

1774.5 

455.7 

H2 BST TRB IN 

1754.4 

455-7 

H2 BST TRB OUT 

1755.8 

434.4 

H2 BST TRB DIFF 

1720.7 

434.4 

02 BST TRB IN 

1705.5 

434.7 

02 BST TRB OUT 

1492.0 

434.0 

02 BST TRB DIFF 

1490.5 

434.0 

M2 tank press 

18.4 

442.8 

GOX HEAT EXCH IN 

1482.1 

438.2 

GOX HEAT EXCH OUT 

1475.7 

437.8 

FSOV inlet 

1475.7 

437.8 

FSOV EXIT 

1431.8 

438.0 

chamber INJ 

1415.5 

438.0 

chamber 

1502.9 



FLOW 

ENTHALPY 

DENSITY 

11.18 

-107.5 

4.37 

11.18 

-103.0 

4.3* 

U.IB 

-103.0 

4.39 

11.18 

-23.4 

4.52 

11.18 

55.8 

4.43 

11.18 

135.0 

4.72 

11.18 

135.D 

4.70 

11.18 

1744.4 

1 .25 

0.54 

1746. 4 

1 .24 

0.54 

1744-4 

0.57 

10.42 

1744.4 

1.24 

10.42 

1497.1 

1 . 14 

10.42 

1497.1 

1.14 

10.42 

1444.4 

0.72 

10.42 

1444.4 

0.71 

10.42 

1444.4 

0.71 

10.42 

1441.9 

0.49 

10.42 

1441 .* 

0.49 

10.42 

1441.9 

0.48 

10.42 

1439.5 

0.48 

10.42 

1439.3 

0.48 

0.0203 

1454.7 

0.0079 

11.14 

1454.7 

0.47 

11.14 

1453.3 

0.47 

11.14 

1453.3 

0.47 

11.14 

1453.5 

0.45 

11.14 

1455.3 

0.44 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 tank press 
ocv inlet 

OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


« OXYGEN SYSTEM CCPCITIONS • 


PRESS 

TEI*» 

FLOW 

ENTHALPY 

14.0 

142.7 

47.1 

41.1 

135.4 

145.2 

47.1 

41 .5 

135.4 

143.2 

47.1 

41 .5 

2453.9 

173.5 

47.1 

49.5 

14.0 

400.0 

0.115 

204.7 

2409 . 4 

173.4 

47.0 

49.5 

1484.7 

174.4 

47.0 

49.5 

1453.1 

174-5 

47.0 

49.5 

1502-9 





DELTA P 

* VALVE DATA 
AREA 

FLOW 

X BYPASS 

2252. 

0.02 

0.54 

5.00 

42. 

5.0* 

11.14 


725. 

0.44 

44.97 



• 

INJECTOR 

DATA * 


delta p 

AREA 

FLOW 

VELOCITY 

113. 

2.13 

11.14 

1181.21 

147. 

0.97 

44.97 

140.55 


DENSITY 
71.17 
71.20 
71 .20 
71.71 
0.12 
71 .47 
70.55 
70.50 
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TABLE 12. — FULL-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• twbomacminerv perforhamce data • 


■ HZ MOST TWDIIC ■ 


• H2 BOOST • 


EFFICIEHCY 

(T/T) 

0.8<B 

EFFICIDCY 

(T/S) 

0.479 

SFECO 

(RPM) 

SS4S7. 

MEAN OIA 

IIN) 

1.7B 

CFF AREA 

MK2) 

3.BS 

U/C (ACTUAL) 

0.SS7 

MAX TIF SFEZ9 

J70. 

STAGES 


1 

CAHHA 


1.42 

PRESS RATIO 

(T/T) 

l.OI 

PRESS RATIO 

(T/S) 

1.02 

HORSEPCBOl 


71. 

EXIT HACH MPQOt 

0.11 

SPECIFIC SPEED 

ISO. 00 

SPECIFIC DIA«TE» 

0.S4 


EFFICIEICY 

B.744 

MORSCPGWR 

71, 

SPEED (RPH) 

SS4S7. 

S SPEED 

50SI. 

MEAD (FT ) 

24BS. 

OIA. (IN) 

2.90 

TIP SPEED 

4S». 

VOL. FtCM 

114S. 

)CAD COCF 

0.4S0 

FLOW COEF 

B.201 


STAGE »C STAGE TWO STAGE THREE 


EFFICIDCY 

(T/TJ 

0.B4S 

EFF1CIE)CY 

B.7S9 

8.738 

0. 737 

EFFICIEMCY 

n/si 

0.B27 

HORSCPCkCR 

I2S4. 

12SS. 

I2S3. 

SPEED 

(RPff) 

1»7)4I. 

SPEED (RPM) 

107 14S. 

107143. 

107143. 

HORSEPOICR 


1744. 

SS SPEED 

11947. 



MEAN DIA. 

(1M> 

2.41 

S SPEED 

1142. 

1132. 

1124. 

eff area 

(IKZ) 

0.4B 

MEAD (FT) 

4S490. 

4SSS3. 

4SS91 . 

U/C (ACTUAL) 

0.4BB 

DIA. (IN) 

5.44 

3.44 

3.44 

MAX TIP SPEED 

1S47. 

TIP SPEED 

1702. 

1702. 

1702. 

STAGES 


2 

VOL. FLCW 

1110. 

108S. 

1044. 

CAHHA 


1.42 

HEAD COEF 

0.S07 

0.SO4 

0.S04 

PRESS RATIO 

IT/T) 

1.92 

FLOW COCF 

B.l 19 



PRESS RATIO 

(T/Sl 

1.98 

DIAfCTER RATIO 

0.417 



EXIT MACH HIB«CK 

0.20 

8EARIM* ON 

5.00C*04 



SPECIFIC SPEED 

SB. 88 

SHAFT DIA/CTCR 

28.00 



SPECIFIC DIA»CTEX 

1.2S 






■ 02 BOOST TURBI»C ■ 


■ 02 BOOST ■ 


CFFICIOCV 

CT/T) 

0.887 

EFFICIDCY 

(T/S) 

0.7S4 

SPEED 

(RPM) 

9024. 

MEAN OIA 

(IN) 

5.03 

EFF AREA 

(1N2) 

S.48 

U/C (ACTUAL) 

8.SSS 

max TIP SPEED 

231. 

STAGES 


1 

CAHHA 


1.42 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.01 

HORSEP09CR 


39. 

EXIT MACH HIWBCR 

0.04 

SPECIFIC SPEED 

93.04 

SPECIFIC 01A»CTCR 

0.92 


EFFICIENCY 

0.744 

HORSEPOICR 

39. 

SPEED (RPM) 

9024. 

S SPEED 

3024. 

HEAD (FT) 

242. 

OIA. (IN) 

3.34 

TIP SPEED 

132. 

VOL. FLOM 

423. 

ICAO OOEF 

0.458 

flow COCF 

0.200 


■ 02 TUIBIIC ■ 


• 02 Rmr • 


efficiency 

(T/T) 

0.877 

efficiency 

(T/S) 

8.824 

SPEED 

(RPM) 

52014. 

HORSEPOICR 


740. 

HCAN DIA 

(IN) 

2.4) 

EFF AREA 

(1M2> 

0.40 

U/C (ACTUAL) 

0.534 

MAX TIP SPEED 

447. 

STAGES 


2 

CAHHA 


1.42 

PRESS RATIO 

(T/T) 

1.12 

PRESS RATIO 

(T/S) 

1.13 

EXIT HACH NltaCR 

0.09 

SPECIFIC SPEED 

74.54 

SPECIFIC DIAICTER 

1.08 


EFFICIENCY 

0.740 

HORSEPOICR 

740. 

SPEED (RPM) 

52014. 

SS SPEED 

20904. 

S SPEED 

1904. 

MEAD (FT) 

4413. 

OIA. (IN) 

2.58 

TIP SPEED 

587. 

VOL. FLOW 

420. 

MEAD COCF 

0.431 

FLOW CJOEF 

8.158 

diameter ratio 

0.484 

bearing on 

1 .44E*04 

SHAFT DIAMETER 

20 .00 
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TABLE 13. — FULL-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE PERFORHAMCE PARAMETERS 


chamber pressure 

VAC ENGINE THRUST 
TOTAL ENGINE FLOW RATE 
DEL . VAC . I SP 
THROAT AREA 
NOZZLE AREA RATIO 

nozzle exit diameter 

ENGIkC MIXTURE RATIO 
ETA C» 

chamber COOLANT DP 

chamber coolant DT 
nozzle/chamber 0 


1A02.4 
SOOOO. 
lOA.lB 
A0O.O 
17. <I 
1000.0 
148.90 
4.00 
0-99S 
SS5. 
385. 
21899. 


ENGINE STATION CONDITIONS 


STATION 

B.P. inlet 
B.P. EXIT 
PUMP INLET 
1ST STAGE EXIT 
2ND STAGE EXIT 
PUMP EXIT 
COOLANT 1^A_ET 
COOLANT EXIT 
TBV inlet 
TBV EXIT 
02 TRB INLET 
02 TRB EXIT 
H2 TRB INLET 
H2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
M2 BST TRB OUT 
H2 BST TRB DIFF 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 

h2 tank press 

GOX MEAT EXCH IN 
COX HEAT EXCH OUT 
FSOV INLET 
FSOV EXIT 
CHAMBER IHJ 
CHAMBER 


PRESS 
18.4 
100-2 
100.2 

1308.4 

2547.4 

3813.5 

3775.4 

3420 . 4 

3384.4 

1570.3 

3384.4 
3014.7 

3014.7 

1704.4 
1 459.7 

1443.1 

1420 . 3 

1407.4 
1591 .3 

1579.8 

1578.2 
18.4 

1570.3 

1542.5 401.8 

1542.5 401.8 

1523.4 401.9 

1508.2 401.9 

1402.4 


ENTHALPY 
-107-5 
-103.0 
-103.0 
-37.9 
27.5 
93-1 
93.1 
1541.4 
1541.4 
1541.4 

1541.4 

1514.4 
1514.4 
1309.9 
1309.9 
1309.9 

14.17 1505.2 

14.17 1305.2 

14.17 1305-2 

14.17 1302.4 

14.17 1302.4 

0-0294 1515.5 

14.88 1315.5 

14.88 1314.2 

14.88 1314.2 

14.88 1314.2 

14.88 1314,2 


» FUEL SYSTEM CONDITIONS ■ 
TEMP FLOW 

37.4 14.91 

38.5 14.91 

38.5 14.91 

51.4 14.91 

44.4 14.91 

74.7 14.91 

77.1 14.91 

459.9 14.91 

440.0 0.75 

447.3 0.75 

440.0 14-17 

449.7 14.17 

449.7 14.17 

400.3 14.17 

400.4 14.17 

400-4 14.17 

399.3 

399.3 

399.4 

398 . 7 
398.7 
405.3 

402.1 


STATION 
B.r. INLET 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 TANK PRESS 

ocv inlet 

OCV EXIT 
CHAMBER IHJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


■ OXYGEN SYSTEM CONDITIONS • 


PRESS 

TEHP 

FLOW 

ENTHALPY 

14.0 

142.7 

89.4 

41.1 

135.4 

143.2 

89.4 

41.5 

135.4 

143.2 

89.4 

41.5 

2271.4 

172.4 

89.4 

48.4 

u.o 

400.0 

0.151 

204.7 

2248 .8 

172.7 

89.3 

48.4 

1574.2 

175.3 

89.3 

48.4 

1558.4 

175.3 

89.3 

48.4 

1402.4 




• 

VALVE data 

- 


delta p 

area 

FLOW 

X BYPASS 

1814. 

0.03 

0.75 

5.00 

39. 

4.22 

14.88 


475. 

0.41 

00 


• 

injector data ■ 


DELTA P 

AREA 

FLOW 

VELOCITY 

IC4. 

2.48 

14 .88 

1131.21 

154. 

1.27 

89.29 

135.49 


DENSITY 
4.37 
4.39 
4.39 
4.53 
4.45 
4.73 
4.71 
I .20 

1.19 
0.59 

1.19 
1.10 
I.IO 
0.74 
0.72 
0.72 
0.71 
0.70 
0.70 
0.49 
0.49 

0.0087 

0.48 

0.48 

0.48 

0.44 

0.44 


DENSITY 

71.17 

71.20 

71.20 

71.71 

0.12 

71.47 

70.42 

70-40 
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TABLE 13. — FULL-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• TlPBOlACMlNeRV performance DATA • 


■ M2 BOOST TURBIfC • 


efficiency 

(T/T) 

0.861 

efficiency 

(T/S) 

0.489 

SPEED 

(RPM) 

29123. 

mean OlA 

(IN) 

2.04 

eff area 

(IN2) 

5.09 

U/C (ACTUAL) 

0.533 

max tip speed 

367. 

STAGES 


1 

gamma 


1.4) 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.02 

MORSE POCR 


95. 

EXIT MACH number 

0.11 

SPECIFIC SPEED 

150.00 

SPECIFIC DIAMETER 

0.54 


■ M2 BOOST PUMP « 


EFFICIENCY 0.7fct 
MORSEPOMER 95 . 
SPEED (RPM) 29123, 
S SPEED 3051. 

(FT) 2^2. 
DIA. (IN) 

TIP SPEED 638. 
VOL. FLOH 1525. 
HEAD COEF 0.«50 
FLOW COEF 0.201 


■ H2 TWBIWE ■ 


• H2 PUMP ■ 


EFFICIENCY 

(T/T) 

0.889 

efficiency 

(T/S) 

0.838 

SPEED 

(RPM) 

100000. 

HORSEPOWER 


4139. 

MEAN DIA. 

(IN) 

2.83 

EFF AREA 

(1N2) 

0.71 

U/C (ACTUAL) 

0.546 

max tip speed 

1383. 

sjAcez 


2 

GAMMA 


1.41 

PRESS RATIO 

<T/T) 

1.77 

PRESS RATIO 

(T/S) 

1.83 

EXIT MACH NUMBER 

0.21 

SPECIFIC SPEED 

73.38 

SPECIFIC DIAMETER 

1.12 


STAGE ONE STAGE TWO STAGE THREE 


EFFICIENCY 
HORSEPOWER 
SPEED (RPM) 

SS SPEED 
S SPEED 
►«AD (FT) 

DIa. ((n) 

TIP SPEED 
VOL. FLOW 
►tAD COEF 
PLOW COEF 
diameter RATIO 

bearing DN 
shaft diameter 


0-764 0.763 0.762 

1375. 1380. 1384. 

100000 . 100000 . 100000 . 

12880. 

1391. 1372. 1359. 

38744. 38828. 38875. 

3.68 3.68 3.69 

1609. 1609. 1609. 

1476. 1441. 1615, 

0.481 0.483 0.483 

0.133 
0.472 
3.00E*06 
30.00 


■ 02 BOOST TURBI>C ■ 


EFFICIENCY 

(T/T) 

0.896 

EFFICIENCY 

(T/S) 

0.762 

SPEED 

(RPM) 

7817. 

MEAN DIA 

(IN) 

5.81 

EFF AREA 

(IK2) 

7.23 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

230. 

stages 


1 

GAMMA 


1.41 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.01 

MORSEPOCR 


51. 

EXIT MACH NUMBER 

0.04 

SPECIFIC SPEED 

93.04 

SPECIFIC diameter 

0.92 


» 02 BOOST POMP ■ 


EFFICIENCrY 0.764 
HORSEPOWER 51. 
SPEED (RPM) 7817. 
S SPEED 3026. 
ICAO (FT) 242. 
DIA. (IN) 3.85 
TIP SPEED 132. 
VOL. FLOW 566. 
KCAD COEF 0.450 
flow COEF 0.200 


* 02 turbine ■ 


EFFICIENCY 

(T/T) 

0.879 

EFFICIENCY 

(T/S) 

0.822 

SPEED 

(RPM) 

43561. 

HORSEPOWER 


907. 

MEAN OlA 

(IN) 

2.83 

EFF AREA 

( IK2) 

1.00 

U/C (ACTUAL) 

0.506 

max tip speed 

617. 

stages 


2 

GAMMA 


1.41 

PRESS RATIO 

(T/T) 

1 . 12 

PRESS RATIO 

(T/S) 

1.13 

EXIT MACH NUMBER 

0.10 

SPECIFIC SREED 

77.88 

SPECIFIC diameter 

0.99 


■ 02 PUMP m 


EFFICIENCY 

0.769 

HORSEPOWER 

907. 

SPEED (RPM) 

43561. 

SS SPEED 

20215. 

S SPEED 

1945. 

mead (FT) 

4287. 

DIA. (IN) 

2.96 

TIP SPEED 

564. 

VOL. FLOW 

560. 

HEAD COEF 

0.434 

FLOW COEF 

0. 160 

diameter ratio 

0.686 

bearing DN 

I . 31E*06 

SHAFT diameter 

30.00 


121 



TABLE 14 — SPLIT-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 

TUBE CHAMBER) 


E>CI>C peftFORMAMCE PaRAHETERS 


chamber pressure 

VAC ENGlrtE TVRUST 
TOTAL ENGINE FLOW RATE 
del. vac. ISP 

TVROAT AREA 

nozzle area ratio 
nozzle exit diameter 

ENGI»C MIXTWE RATIO 

eta C« 

chamber coolant dp 
chamber coolant dt 

NOZZLE/CHAMSER 0 


1529.9 
7500. 
15. i5 
A79.9 
2.75 
1000.0 
59.21 
6.00 
0.993 
1300. 
1071 . 
A397 . 


ENG1»« station conditions 


FUEL SYSTEM CONDITIONS • 


station 
B.P. INLETT 
B.P. EXIT 
PUMP !>«>£T 
1ST STAGE EXIT 
JBV IM-ET 
JBV EXIT 
2ND STAGE EXIT 
PUMP EXIT 
COOLANT inlet 
COOLANT EXIT 
TBV inlet 
TBV EXIT 
02 TRB inlet 
02 TRB EXIT 
H2 TRB 1>*.ET 
H2 TRB EXIT 
M2 TRB DIFFUSER 
H2 BST TRB IN 
H2 BST TRB OUT 
H2 BST TRB DIFF 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 

h2 tank press 

COX »CAT EXCH IN 
GOX MEAT EXCH OUT 
MIXER MOT IN 
mixer cold IN 
MIXER OUT 
FSOV I«_ET 
FSOV EXIT 

chamber inj 
chamber 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP INLET 
PUMP EXIT 

02 TANK PRESS 
OCV INLET 
OCV EXIT 
CHAMBER IKJ 
CHAMBER 


VALVE 

JBV 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


PRESS 

TEMP 

FLOW 

18.6 

37. A 

2.23 

100.5 

58.5 

2-23 

100.5 

58. 5 

2-23 

1787-5 

66. A 

2.23 

1760.5 

66.6 

1.12 

1A96.A 

68.6 

1.12 

3A73.0 

10A.6 

1.12 

A98I .0 

137.5 

1-12 

A931 .2 

157.7 

1-12 

5631.6 

1208.7 

1.12 

5595.2 

1209.0 

0.06 

1567.0 

1225.8 

0.06 

5595.2 

1209.0 

1.06 

S2A0.7 

118A.9 

1 .06 

32A0.7 

118A.9 

1.06 

1657.5 

lOAO-5 

1.06 

16A1.7 

lOAO.A 

1.06 

1625.5 

lOAO.A 

1.06 

1606.5 

1058.0 

1.06 

1601 .A 

1058.0 

1.06 

1585. A 

1058.1 

1.06 

1575.6 

1056.7 

1.06 

157A.B 

1036.7 

1.06 

18.6 

1057.5 

0.0017 

1567.0 

10A6.1 

1 . 12 

1559.1 

10A5.A 

1.12 

1559.1 

10A5.A 

1-12 

1A96.A 

68 .6 

1.12 

1A81 .2 

535.9 

2.23 

1A81 .2 

535.9 

2.23 

lAAA.l 

536-1 

2.23 

1A29.7 

536-2 

2.23 

1329.9 

» OXYGEN SYSTEM CONDITIONS 

PRESS 

TEMP 

FLOW 

16.0 

162.7 

13. A 

135.6 

165.2 

15. A 

135.6 

165.2 

13. A 

2155-8 

175.7 

13. A 

16.0 

AOO.O 

0.023 

2152.5 

175. B 

13. A 

1A92.6 

176.2 

15. A 

1A62.9 

176.5 

13. A 

1529.9 


■ VALVE data ■ 

DELTA P 

AREA 

FLOW 

26A. 

0.05 

1.12 

2028. 

0.00 

0.06 

57. 

0.77 

2.25 

6A0. 

0 . 09 

15.59 


• injector 

DATA K 

DELTA P 

AREA 

FLOW 

100. 

0.55 

2.23 

1A8. 

0.21 

15.59 


ENTHALPY 
-107.5 
-103.0 
-103.0 
13.7 
13-9 
13.9 
UA .0 
298 .A 
298 .A 
A23A-7 
A23A. 7 
A23A , 7 
A23A . 7 
AIAO.6 
A1A0.6 
3595.0 
3595.0 

3595.0 
3585 . 5 
3585.5 

3585.5 
358 0. A 
3580. A 

3615.1 

3613.1 

3610.5 

5610.5 
13.9 

1810.7 
1810.7 
1810.7 
1810. 7 


enthalpy 
61.1 
61.5 
61 .5 
68 .9 
20A . 7 
68 . 9 
68.9 
68.9 


X BYPASS 
50.00 
5 . 00 


velocity 

1288.81 

152.35 


DENSITY 
A. 37 
A, 59 
A. 59 
A. 30 
A. 28 
A. 09 
A .05 
5. 98 
3.96 
0-53 
0.52 
0.23 
0.52 
0. A8 
0. A8 
0.29 
0.23 
0.28 
0.28 
0.28 
0.28 
0.27 
0.27 
0.0035 
0.27 
0.27 
0.27 
A. 09 
0.A9 
0-A9 
0.A8 
0.A7 


DENSITY 
71.17 
71.20 
71.20 
71 -A2 
0.12 
71.59 
70.58 
70. 5A 
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TABLE 14. — SPLIT-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


■ Tl*80»MCMI>CJtV perfouham:? data • 


• M2 BOOST TURBIIC • 


■ M2 BOOST • 


EFEICIEMCY 

(T/T) 

B.7B9 

EFFICIENCY 

(T/S) 

B.SB4 

SPEED 

(RPN> 

7S254. 

»CAN OtA 

(IN) 

1.14 

EFF AREA 

(1N2) 

0.4« 

U/C (ACTUAL) 

B-SSI 

maa tip speed 

ABA. 

stages 


1 

CA^RU 


l.» 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.02 

HORSEPOWER 


14. 

EXIT MACH NUMBER 

0.07 

SPECIFIC SPEED 

l2t.B4 

SPECIFIC DIA7CTER 

B.4B 


DTICIDCY 0.7*4 

HCRSCPOa 14. 

IW»MJ 7S2S4. 

S SPEED SOSI. 


►OO (FT) 

2403. 

DIA. (IN) 

1.33 

TIP SPEED 

A3B. 

VOL. FL(*< 

22B. 

►CAD COEF 

0.4SO 

FLOW COEF 

0.201 


STAGE STAGE TWO STAGE T>«EE 


EFFICIENCY 

(T/T) 

S.74S 

EFFIC1E>CY 

4.417 

0.499 

0.517 

efficiency 

(T/S) 

0.7SB 

MORSCPCRCR 

349. 

238. 

212. 

SPEED 

CRPH) 

)07soe. 

SPEED (RPW) 

IS7S00. 

187SOO. 

187500. 

HORSEPOWER 


B19. 

SS SPEED 

9345. 



ICAN DIA. 

(IN) 

2.34 

S SPEED 

TBS. 

554. 

593. 

EFF AREA 

( IN2) 

O.OB 

►CAD (FT) 

54)32. 

58312, 

54 054. 

U/C (ACTUAL) 

0.S2S 

DIA. (IN) 

2.2B 

2.39 

2.39 

max tip SPEED 

2000. 

TIP SPEED 

18 44. 

1959. 

1 959. 

stages 


2 

WL. FL(M 

233. 

124, 

124. 

CAmA 


1 .SO 

>CAD COEF 

8.520 

0.489 

0.453 

PRESS RATIO 

(T/T) 

1.94 

FLCM CC^ 

8.094 



PRESS RATIO 

(T/S) 

I.9B 

DIA9CTER RATIO 

8.324 



EXIT MAJCH NiHSER 

1.12 

bearing cm 

S.08E*04 



SPECIFIC SPEED 

2S.2I 

SHAFT DIA«TER 

14.00 



SPECIFIC DIATCTER 

2. SI 






■ 02 BOOST TURBIIC ■ 


• 02 BOOST PL»«> > 


EFFlCIENCrY 

(T/T) 

0.811 

EFFICIENCY 

IT/S) 

8.739 

SPEED 

(RPM) 

28182. 

MEAN DIA 

(IN) 

3.19 

EFF AREA 

( 1N2) 

8.95 

U/C (ACTUAL) 

8.553 

RAX TIP SPEED 

307. 

stages 


1 

cumA 


1.38 

PRESS RATIO 

(T/TJ 

1.81 

PRESS RATIO 

(T/S) 

1.81 

HORSEPOWER 


8. 

EXIT MACH number 

0.03 

SPECIFIC SPEED 

41.44 

SPECIFIC diameter 

1.24 


EFFICIE9CY 

0.744 

HORSEPCRCR 

8. 

SPEED (RPM) 

20182. 

S SPEED 

3024. 

►CAD (FT) 

242. 

DIA. (IN) 

1.49 

TIP SPEED 

132. 

yfCL. FLDM 

85. 

HEAD COEF 

0.450 

FLOW COEF 

0.200 


• 02 TLRBHC ■ 


• 02 PUi*» ■ 


EFFICIENCY 

(T/T) 

8.772 

EFFICIENCY 

(T/S) 

8.743 

SPEED 

(RPM) 

I124I5. 

HORSEPOWER 


)41. 

>CAN DIA 

(IN) 

2.34 

EFF AREA 

(IN2) 

0.12 

U/C (ACTUAL) 

8.535 

MAX TIP SPEED 

1201. 

stages 


1 

GAmA 


1 .38 

PRESS RATIO 

(T/T) 

1.11 

PRESS RATIO 

(T/S) 

1.11 

EXIT MACH MCMBER 

0.07 

SPECIFIC SPEED 

29.14 

SPECIFIC DIA>«TER 

2.51 


EFFICIENCY 

0.705 

HORSEPCRCR 

141 . 

SPEED (RPM) 

112415. 

SS SPEED 

20241 . 

S SPEED 

2030. 

KAD (FT) 

40 48 . 

DU. (IN) 

1-15 

TIP SPEED 

545. 

)AX. FLOW 

84 . 

ICAO CXCF 

0.410 

flow COEF 

0.143 

DlATCTER RATIO 

0.484 

bearing [M 

1 .SBE‘0* 

Shaft diatcter 

14 . 00 
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TABLE 15 — SPLIT-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGHC pERFORHANCe PARAMETERS 


CHAMBER PRESSl^E 
VAC EWGINE THRUST 

total enghc flow rate 

del. vac. ISP 
THROAT AREA 

nozzle area ratio 
nozzle exit diameter 

ENGINE MIXTURE RATIO 
ETA C» 

CHAMBER COOLANT DP 

chamber coolant DT 
nozzle/chamber 0 


1610.4 
ISOOO. 
51 -2S 
4B0.Q 
6.SS 
1000.0 
76. IS 
6.00 
0 . 9^5 
602. 
1121 . 
9205 . 


ENGINE STATION CONDITIONS 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP inlet 
1ST STAGE EXIT 
JBV inlet 
JBV EXIT 
2NO stage EXIT 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
TBV inlet 
TBV EXIT 
02 TRB inlet 
02 TRB EXIT 
H2 TRB inlet 
M2 TRB EXIT 
H2 TRB DIFFUSER 
HZ BST TRB IN 
H2 BST TRB OUT 
MZ BST TRB DIFF 
OZ BST TRB IN 
02 BST TRB OUT 
OZ BST TRB DIFF 
MZ TANK PRESS 
GOX HEAT EXCH IN 
COX HEAT EXCH OUT 

mixer hot IN 
mixer cold IN 
mixer out 
FSOV inlet 
FSOV EXIT 
CHAMBER I NJ 

chamber 


PRESS 
18.6 
100.5 
100.5 
Z166.6 

2152.2 

1812.5 

5676.6 

4756.6 

4689.2 

6087. 5 1257.4 

6046.6 1257-7 

1098.0 12S5.4 

6046.6 1257.7 

5594.2 1209.6 

5594. 2 .1.209.6 

2004.5 1078.8 

1985.2 1078.9 

1965.4 1078.9 

1945.9 1076.5 

1958.9 1076.5 

1919.5 1076.7 

1908.3 1075.3 

1907.6 1075.5 

18.6 1097.9 

1B98.0 1 084.3 

1888.5 1085.6 

1888.5 1083.6 

1812.5 75.2 

1794.1 557.6 

1796.1 557.6 

1749.5 557.8 

1751.6 558.0 

1610.6 


enthalpy 
-107.5 
-103.0 
-103.0 
40.2 
40.2 
40.2 
156.0 
227.4 
2.23 227.4 

2.25 6547.5 

0.11 6547.5 

O.ll 4567.5 

2.12 4547.5 

2.12 4256.6 

2.12 4256.6 

2.12 3757.9 

2.12 5757.9 

2.12 5757.9 

2.12 5728.4 

2.12 5728.4 

2.12 5728.4 

2.12 3725.2 

2.12 5723.2 

0.0053 5754-4 

2.25 5754.4 

2.25 5751.7 

2.25 5751.7 

2.23 *0.2 

4.46 1894.6 

4.46 1894.6 

4.46 1894.6 

6.46 1894.6 


• FUEL SYSTEM CONDITIONS » 
TE»*» FLOM 

57.4 4.47 

58-5 4.47 

58.5 4-47 

72.6 4.47 

72.9 2.25 

75.2 2.21 

95.5 2.25 

116.4 2.25 

116.7 


density 

6.57 

6.59 

6.59 

4.29 

4.27 

4.05 

4. 25 

4. 26 
4.26 
0.57 
0.57 
0.27 
0.57 
0.52 
0.52 
0-55 
0.55 
0.55 
0.52 
0.52 
0.52 
0.32 
0.52 

0.0052 

0.52 

0.51 

0.51 

4.05 

0.56 

0.56 

0.55 

0.55 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 tank press 

OCV INLET 
OCV EXIT 

chamber inj 
chamber 


valve 

JBV 

TBV 

FSOV 

OCV 


injector 

FUEL 

LOX 


» OXYGEN SYSTEM CONDITIONS 


PRESS 

TEMP 

FLOW 

16.0 

162.7 

26.8 

155.6 

165.2 

26.8 

155.6 

165.2 

26.8 

2608 .5 

175.2 

26.8 

16.0 

400.0 

0.045 

2582.4 

175.5 

26.8 

1807.7 

178.2 

26.8 

1771.7 

179.4 

26.8 

1610.6 




VALVE data ■ 

delta p 

AREA 

FLOW 

520. 

0.09 

2.25 

2149. 

0.01 

0.11 

45. 

1-30 

4.46 

775, 

0-17 

26.79 


injector 

DATA • 

delta p 

AREA 

FLOW 

121 . 

0.90 

4.46 

179. 

0.58 

26.79 


enthalpy 
61 . 1 
61.5 
61.5 
70.2 
204.7 
70.2 
70.2 
70.2 


X BYPASS 
50.00 
S.OO 


VELOCITY 

1527.74 

145.68 


density 

71.17 

71.20 

71.20 

71.61 

0.12 

71,57 

70.56 

70.50 
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TABLE 15. — SPLIT-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• pctforkahcc data • 


• M2 BOOST TWBI»C • 


• H2 BOOST m 


EFFICIEMCy CT/T) O.BIS 
EFFICIENCY (T/S) 0.t?2 
5FE£D (RFHI SS2SB. 

DU (IN) l.M 
EFF AREA MK2) 1 . It 
UA: (ACTUAL) t.&ss 
NAX TIP SFEED 474. 
STAGES I 
CA7«A 1.4# 
PRESS RATIO nm l.#l 
PRESS RATIO (T/S) 1. 01 
HORSEPOMER 2S. 
EXIT MACH NUMBER 0.04 
SPECIFIC SPEED 117.14 
SPECIFIC DIATCTER 0.71 


EFFICIENCY 

0.744 

HDRSCPOICR 

Zt. 

SPEED (RPM) 

532St. 

S SPEED 

SOSO. 

►CAO (FT) 

24tS. 

DtA. UN) 

I. at 

TIP SPEED 

4St. 

VOL. FL» 

457. 

►CAD COEF 

0.4SO 

FLCM COEF 

0.201 


> K2 TIABINE ■ 


EFFICIENCY (T/T) 0.770 
ET=FICIENCY (T/S) 0.741 
SPEED (ftPN) IS4S4S. 
HCRSEPOhCR 1407. 
»CAN OIA. (IN) 5.24 
EFF AREA (IH2I O.IS 
U/C (ACTUAL) O.SAt 
MAX TIP SPEED 2000. 
STAGES 2 
OJkmA 1.40 
PRESS RATIO (T/T) 1.7# 
PRESS RATIO (T/S) l.t2 
EXIT MACH NUWER 0.12 
SPECIFIC SPEED 27.04 
SPECIFIC DIATCTER 2.S7 


■ 02 BOOST TIABIIC ■ 


EFFICIENCY (T/T) 0.B27 
EFFICIENCY (T/S) 0.7S» 
SPEED (RPN) 14271. 
»CAH DU (IN) 4. SO 
EFF AREA (IK2) 1.44 
UA: (ACTUAL) 0.5SS 
MAX TIP SPEED SOS. 

stages I 

CAmA 1.40 
PRESS RATIO (T/T) 1.01 
PRESS RATIO (T/S) 1.01 
HORSEPOHER IS . 
EXIT MACH NtOOER 1.02 
SPECIFIC SPEED St. 20 
SPECIFIC 0IA7CTER ).» 


■ K2 PUPT a 



stage »C 

m 

stagc tmo 

STAGE TWEE 

EFFICIENCY 

0.417 

0.S02 

0.400 

HORSEPOHER 

♦05. 

SOS. 

200. 

SPEED (RPM) 

IS4S4S. 

1S4S4S. 

1S4S4S. 

SS SPEED 

♦ 40S. 



S SPEED 

404. 

4t4. 

70S. 

»«AO (FT) 

4«SI0. 

44220. 

42420. 

DU. (IN) 

3. SO 

2.t2 

2.t? 

TIP SPEED 

2020. 

1477. 

1477. 

VOL. FLOM 

447. 

2S4. 

2SS. 

KEAO COEF 

0.542 

0.S04 

e.4tt 

FLOM COEF 

o.oto 



diameter RATIO 

0.S04 



bearing dm 

S.O0E*O4 



»iAFT DIAJCTER 

22.00 




• 02 BOOST 

PL0» a 

CFFICIE7CY 

0.744 

N0RSEPt)4CR 

IS. 

SPEED (RPM) 

14271. 

S SPEED 

3024. 

)tAO (FT) 

242. 

DU. (IN) 

2.11 

TIP SPEED 

1S2. 

VOL. FL» 

140. 

)CAO COEF 

0.4SO 

FUM COEF 

0.200 


a 02 TURtl»C * 


a 02 PIO^ a 


EFFICIENCY 

(T/T) 

0.770 

EFFICIENCY 

(T/S) 

S.7SS 

SPEED 

(RPM) 

BS77S. 

fCRSEPOHER 


332. 

)CAN DU 

(IN) 

3.24 

EFF AREA 

(1N2) 

0.2B 

UA: (ACTUAL) 

0.510 

MAX TIP SPEED 

12S7. 

STAGES 


1 

CAMiA 


1.40 

PRESS RATIO 

(T/T) 

1.13 

PRESS RATIO 

(T/S) 

l.II 

EXIT MACH HIMSER 

0.07 

SPEC me SPEED 

24.03 

SPECIFIC DIA#CTER 

2.44 


EFF1C1E>CY 

0.7SO 

K)RS£PCACR 

S32. 

SPEED (RPM) 

05773. 

SS SPEED 

21801. 

S SPEED 

1870. 

►CAD (FT) 

4071. 

OU. (IN) 

1.4S 

TIP SPEED 

417. 

VOL. FVOH 

148. 

►CAD COEF 

0.420 

FlCH COEF 

0.1S7 

diatcter ratio 

0.483 

bearing on 

l.S7E*04 

S>VkFT diameter 

u.ee 


12.5 



TABLE 16. - SPLIT-EXPANDER ENGINE - 25.000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 
VAC ENGINE THRUST 
TOTAL ENGINE FLOH RATE 
DEL . VAC . I SP 
THROAT AREA 
NOZZLE AREA RATIO 

nozzle exit diameter 

ENGINE MIXTURE RATIO 
ETA C« 

CHAMBER COOLANT DP 
chamber COOLANT DT 
NOZZLE/CHAMBER 0 


W12.B 
2S000. 
S2.08 
A80.0 
7- K 
1000.0 
»S.3S 
A. 00 
0-99J 
AU. 
1010 . 
1JB70. 


ENGINE STATION CONDITIONS 


STATION 
B.P. IM-ET 
B.P. EXIT 
PUMP I«^T 
1ST stage EXIT 
JBV INLET 
JBV EXIT 
2ND STAGE EXIT 
PUMP EXIT 
COOLANT inlet 
COOLANT EXIT 
TBV 1M.ET 
TBV EXIT 
02 TRB inlet 
02 TRB EXIT 
H2 TRB INLET 
K2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
M2 BST TRB OUT 
H2 BST TRB DIFF 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
H2 tank PRESS 
GOX HEAT EXCH IN 
GOX HEAT EXCH OUT 
mixer hot IN 
mixer COLO IN 
MIXER OUT 
FSOV IW-ET 
FSOV EXIT 
CHAMBER IHJ 


• FUEL 
PRESS 
18.6 
101.2 
101.2 
2301.9 
2267. A 

1927.3 
370B.6 

5091.3 
5040 .A 
CA2A .2 
A379.9 

2019.2 
AS79.9 
386A.7 
386A.7 
213A.2 

2113.7 
2092.6 

2068.5 

2063.5 
20A2.9 

2030.2 
2029. A 

18.6 

2019.2 

2009.2 
2009.2 

1927.5 

1908.7 
1908.7 
1861.0 
18A2.6 

1 Y I ^ tt 


SYSTEM CONDITIONS 
TEMP 
37. A 

38.5 

38.5 

70.0 

70.3 

73.0 

90.5 
110.0 
110. A 

1119.9 

1120.2 

1137.1 

1120.2 

1091 . 1 

1091.1 

965.0 

965.1 

965.1 
962-7 
962.7 
962.9 

961.5 

961 .5 
98A.3 

970.3 

969.6 

969.6 
73.0 

502. A 
502. A 

502.6 

502.7 


FLOM 

enthalpy 

DENSITY 

7.A5 

-107.5 

4.37 

7.A5 

-103.0 

4.39 

7.A5 

-103.0 

4.39 

7.A5 

36.1 

A. 42 

5.72 

36.1 

A. 40 

3.72 

36.1 

4.17 

3.72 

127.7 

A. 43 

3.72 

216.8 

4,47 

3.72 

216.8 

A. 45 

3.72 

3962.2 

0.67 

0.19 

3 942. 2 

0.67 

0.19 

39A2.2 

0.32 

3.5A 

3942.2 

0.67 

3.5A 

3827.0 

0,61 

5.5A 

3827.0 

0.61 

3.5A 

3343.9 

0.39 

3.5A 

3343.9 

0.39 

3.5A 

3343.9 

0.39 

3.5A 

3334.3 

0.38 

3.5A 

3334.3 

0.38 

3.54 

3354.3 

0.58 

3. 54 

3329.2 

0.38 

3. 54 

3329.2 

0.38 

.0061 

3359.8 

0.0036 

3.72 

3359.8 

0.37 

3.72 

3357.1 

0.37 

3.72 

3357.1 

0.37 

3.72 

56.1 

4.17 

7.AA 

1695.3 

0.66 

7.AA 

1695.3 

0.66 

7.AA 

1695.3 

0.65 

7.AA 

1695.3 

0.64 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP 

PUMP EXIT 

02 TANK PRESS 
OCV INLET 
OCV EXIT 
CHAKBER INJ 
CHAMBER 


VALVE 

JBV 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


M OXYGEN SYSTEM CONDITIONS ■ 


PRESS 

TEMP 

FLOM 

ENTHALPY 

16.0 

162.7 

AA.7 

61.1 

135,6 

163.2 

4A .7 

61.5 

135.6 

163.2 

44. 7 

61.5 

2773.9 

175.4 

A4.7 

70.6 

16.0 

400.0 

0.076 

20A.7 

2746.2 

175.5 

AA .6 

70.6 

1922.3 

178-7 

AA.6 

70.6 

1884.1 

178.8 

AA.6 

70.6 

1712.8 





DELTA P 

• VALVE DATA 
AREA 

• 

FLOW 

X BYPASS 

3A0 . 

0. lA 

3.72 

50.00 

2361 . 

0.01 

0.19 

5.00 

A8 . 

1.93 

7.AA 


B2A. 

0.27 

AA .64 



• 

injector data • 


DELTA P 

area flow 

velocity 

120. 

1.33 7.46 

1274.82 

190. 

0.61 44.64 

150.19 


DENSITY 
71.17 
71 .20 
71.20 
71.73 
0.12 
71.68 
70. AO 
70. 3A 
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TABLE 16. — SPLIT-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• TW»OHACMI>Cirr DATA ■ 


■ K? BOOST TURBHC « 


EFFICIENCY 

(T/T) 

• .873 

EFFICIENCY 

(T/S) 

• .484 

SPEED 

(RPN) 

41431. 

»CAM DIA 

(IM) 

2.12 

EFF AREA 

(1K2) 

1.79 

U/C (ACTUAL) 

• .553 

HAX TIP SPEED 

471. 

STACES 


1 

GAmA 


1.44 

PRESS RATIO 

(T/T) 

1. 01 

PRESS RATIO 

(T/S) 

1.01 

HORSEPOWER 


48. 

EXIT HACH NIPOCR 

0.04 

SPECIFIC SPEED 

114.95 

SPECIFIC DIAACTER 

0.75 


> KZ BOOST PIBV ■ 


efficiency 

0.745 

H0RSEP04CR 

48. 

SPEED (RPM) 

41431. 

S SPEED 

3042. 

MEAD (FT) 

2712. 

DIA. (IN) 

2.43 

TIP SPEED 

440. 

VOL. FLOW 

741. 

ICAO COEF 

0.450 

FLOW COEF 

0.200 


• H2 TURBHC ■ 


• N2 PUie • 


EFFICIENCY (T/T» t.»2« 
EFFICIENCY IT/S) B.BIZ 
SPEED (RFM) 12S0D0. 


HO«SEPO>CR ZAlt. 

TCAN OlA. (IN) 3.U 

EFF AREA I IK2 ) t.2l 
U/C lACTUAL) B.4K 

HAX tip speed IBOO. 

STACES 2 

1.44 

PRESS RATIO IT/T) l.«l 

PRESS RATIO (T/S) l.BS 

EXIT HACM NlKBER •.12 

SPECIFIC SPEED S3.4B 

SPECIFIC DiAfCTEX 2. If 



STAGE 0»C 

STAGE TNO 

stage t>«ee 

EFFICIENCY 

8.444 

0.442 

0.445 

MIRSEPOWI 

1445. 

483. 

470. 

SPEED (RPN) 

125000. 

125000. 

125000. 

SS SPEED 

11287. 



S SPEED 

783. 

774. 

784. 

ICAD (FT) 

71837. 

45747. 

44733. 

0IA. (IN) 

3.79 

3.09 

3.09 

TIP SPEED 

2044. 

1488. 

1488. 

VO.. FLOW 

754. 

377. 

374. 

ICAO COEF 

0.541 

0.517 

0.S05 

FLOW COEF 

0.094 



DIAICTER RATIO 

0.333 



8CAR1NB ON 

3.00E*04 



9MFT DIAACTER 

24.00 




» 02 BOOST TURBI»C ■ 


EFFICIENCY 

(T/T) 

0.849 

EFFICIENCY 

(T/S) 

0.802 

SPEED 

(RPM) 

11055. 

ICAN DIA 

(IN) 

5.82 

EFF AREA 

(IKZ) 

2.34 

U/C (ACTUAL) 

0.553 

max TIP SPEED 

302. 

STAGES 


1 

(UIWA 


1.44 

PRESS RATIO 

IT/T) 

1.01 

PRESS RATIO 

(T/S) 

1.01 

HORSEPOHCR 


24. 

EXIT MACH HIPOER 

0.02 

SPECIFIC SPEED 

55.44 

SPECIFIC DIA)CTER 

1.47 


• 02 BOOST 

P(RC ■ 

EFFICIENCY 

0.744 

NQRSCPOICR 

24. 

SPEED (RPH) 

11055. 

S SPEED 

3024. 

ICAD (FT) 

242. 

DIA. (IN) 

2.72 

TIP SPEED 

132. 

VOL. FLOW 

282. 

HEAD COEF 

0.450 

FLOW COEF 

0.200 


■ 02 TURfIK • 


EFFICIENCY (T/T) •.•%• 
EFFICIENCY CT/S) 0.»2S 
SPEED (RPW) *771*. 
HORSEPOWER S7i. 
MEAN DIA IIN) S.U 
EFF AREA (IN2) 0 . 2 > 
U/C lACTUAO O.SSf 
HAX TIP SPEED M4. 
STACES 2 
GA)*U 1.44 
PRESS RATIO IT/T) 1 . I J 
PRESS RATIO (T/S) l.)4 
EXIT MACH NIKBER •.07 
SPECIFIC SPEED 42. *» 
SPECIFIC OIA^CTER 1 .BS 


• 02 PUP^ ■ 


EFFICIENCY 0.747 
H0RSCP0*CR 574. 
SPEED (RPH) 4778>. 
SS SPEED 22244. 
S SPEED 1«27. 
«AO (FT) 52»5. 
DIA. (IN) 2.14 
TIP SPEED 432. 
VOL. flow 280. 
»CAD COEF 0.424 
FL» COEF 0.155 
DIA»CTER RATIO 0.482 
BEARING DM 1.49E*04 
SHAFT DIA>CTER 22.00 
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TABLE 17. — SPLIT-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE PERFORHANCE PARA^CTERS 


CHAMBER PRESSURE UW-0 

VAC ENGINE thrust 57500. 

TOTAL ENGINE FLOW RATE ^*12 

DEL. VAC. ISP A80.0 

THROAT AREA 11. AO 

nozzle area RATIO 1000.0 

NOZZLE EXIT DIAMETER 1Z0.A» 

ENGINE MIXTURE RATIO A -00 

ETA C- 

CHAMBER COOLANT DP 

chamber COOLANT DT 879. 

NOZZLE/CHAMBER 0 1821A. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

FLOW 

EKTHALPY 

DENSITY 

B.P. INLET 

18 .6 

37.4 

11-17 

-107.5 

4.37 

B.P. EXIT 

100.9 

58.5 

U.17 

-105.0 

4 . 39 

PUMP INLET 

100.9 

CD 

11.17 

-105.0 

4.39 

1ST STAGE EXIT 

2161 . 1 

65.1 

11.17 

19.4 

4.49 

JBV inlet 

2128.7 

65.4 

5.59 

19.5 

4.47 

JBV EXIT 

1809.4 

68.2 

5.59 

19.5 

4.26 

2ND stage EXIT 

5418 . 5 

81.1 

5.59 

94.6 

4.54 

PUMP EXIT 

4672.0 

96.6 

5.59 

168.6 

4.59 

COOLANT INLET 

4625.5 

97-0 

5.59 

168.6 

4.57 

COOLANT EXIT 

4078 .0 

976.2 

5.59 

5429.6 

0.71 

TBV inlet 

4057.2 

976.4 

0.28 

3429.6 

0.71 

TBV EXIT 

1B95.0 

991.2 

0.28 

3429.6 

0.54 

02 TRB inlet 

4037.2 

976.4 

5.31 

3429.6 

0.71 

02 TRB EXIT 

3542.2 

949.6 

5.31 

3323.8 

0.64 

H2 TRB inlet 

3542.2 

949.6 

5.31 

3323.8 

0.64 

M2 TRB EXIT 

2012.1 

841.7 

5.31 

2908 -9 

0.45 

H2 TRB DIFFUSER 

1988.7 

841 .8 

5.31 

2908.9 

0.42 

H2 BST TRB IN 

1968 .8 

841.8 

5.31 

2908.9 

0.42 

H2 BST TRB OUT 

1945.5 

859.4 

5-31 

2899.3 

0.41 

M2 BST TRB DIFF 

1958-5 

859.5 

5.31 

2899.3 

0.41 

02 BST TRB IN 

1918-9 

839.6 

5.51 

2899.3 

0.41 

02 BST TRB OUT 

1905.5 

858.2 

5.31 

2894.2 

0.41 

02 BST TRB DIFF 

1904.5 

858.2 

5.31 

2894.2 

0.41 

H2 tank PRESS 

18.6 

857-9 

0.0105 

2921.0 

0.0041 

COX HEAT EXCH IN 

1895. 0 

845.8 

5.58 

2921.0 

0.40 

GOX HEAT EXCH OUT 

1885.5 

845.1 

5.58 

2918.2 

0.40 

MIXER HOT IN 

1885. 5 

845.1 

5.58 

2918.2 

0.40 

MIXER COLD IN 

1809.4 

68.2 

5.59 

19.5 

4.26 

mixer OUT 

1791.2 

441.5 

11.16 

1467.5 

0.70 

FSOV INLET 

1791.2 

441.5 

11.16 

1467.5 

0.70 

FSOV EXIT 

1746.5 

441 .4 

11.16 

1467.5 

0.69 

CHAMBER INJ 

1728. B 

441.5 

11.16 

1467.5 

0.68 

CHAMBER 

1608 . 0 






* OXYGEN SYSTEM 

CONDITIONS 

. 


STATION 

PRESS 

TEMP 

FLOW 

EKTHALPY 

DENSITY 

B.P. inlet 

16.0 

162 . 7 

67.1 

61.1 

71.17 

E . P . EXIT 

135.6 

163 .2 

67.1 

61.5 

71 .20 

PUMP inlet 

IIS. 6 

163.2 

67.1 

61.5 

71.20 

PUMP EXIT 

2604 .2 

174.3 

67-1 

69.8 

71.75 

02 TANK PRESS 

16.0 

400. 0 

0. 115 

204.7 

0.12 

ocv inlet 

2578.2 

174.4 

67.0 

69.8 

71.71 

OCV EXIT 

1804 . 7 

177.3 

67.0 

69.8 

70.51 

chamber INJ 

1 768 .8 

177.4 

67.0 

69.8 

70.45 

CHAMBER 

1608.0 






VALVE 

delta p 

■ VALVE DATA • 

AREA flow 

X BYPASS 

JBV 

319. 

0.22 5.59 

50.00 

TBV 

2142. 

o 

o 

O 

5.00 

> 

o 

45 . 

2.90 11.16 


ocv 

773. 

0.43 66.96 




• 

INJECTOR 

DATA • 


INJECTOR 

DELTA P 

AREA 

FLOW 

VELOCITY 

FUEL 

121 . 

2.00 

11.16 

1193.76 

LOX 

179. 

0 . 94 

66.96 

145.41 
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TABLE 17. — SPLIT-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• TURBOMACHINERV PERF(»KANCC data • 


• KZ BOOST TIABIIC « 


• K2 BOOST PUMP • 


ETFICIDCY 

IT/T) 

O.M< 

EFFICIEMCY 

IT/S) 

0.701 

SPEED 

(RPM) 

J3774. 

MEAM DIA 

UN) 

2.40 

EFF AREA 

(IK2) 

2.3* 

U/C (ACTUAL) 

O.SSS 

MAX TIP SPEED 

447. 

stages 


1 

GAMMA 


1 .41 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.02 

HORSEPCACR 


72. 

EXIT MACH NIPIBER 

0.07 

SPECIFIC SPEED 

112. *4 

SPECIFIC DIAPCTER 

0.77 


EFF IC1E>CV 

0.74& 

HORSCPOCR 

72. 

SPEED (RPM) 

53774. 

S SPEED 

5044. 

HEAD (FT ) 

2704. 

DIA. (IN) 

2.9« 

TIP SPEED 

440. 

VOL. FLCW 

1142. 

HEAD COEF 

e.4S0 

FLOW COEF 

0.201 


• K2 TUKBIIC ■ 


■ K2 PIPV • 


stage o>c stage two stage three 


EFFICIENCY 

(T/T) 

0.8S1 

EFFICIEXCY 

0.4*7 

0.404 

0.404 

efficiency 

(T/S) 

0.B2* 

HORSEPOMER 

1*34. 

5*4. 

505. 

SPEED 

(RPM) 

107143. 

SPEED (RPM) 

107145. 

107143. 

107143. 

horsepomer 


SllS. 

SS SPEED 

11074. 


MEAN DIA. 

( IN) 

3.70 

S SPEED 

045. 

00*. 

0*3. 

EFF AREA 

MN2 ) 

0.33 

HEAD (FT) 

4445B. 

40001 . 

3*544. 

U/C (ACTUAL) 

0.534 

DIA. (IN) 

4.24 

3.37 

3.37 

MAX TIP SPEED 

> 012 . 

TIP SPEED 

1**2. 

1577. 

1570. 

STAGES 


2 

VOL. FLOW 

1114. 

553. 

544. 

gamma 


1.41 

ICAD CXCF 

0.53* 

0.510 

0.511 

PRESS RATIO 

(T/T) 

1.74 

FLOW COEF 

0.102 


PRESS RATIO 

(T/S) 

1-7* 

DIAMETER RATIO 

0.357 



EXIT MACH NLOOER 

0.14 

BEARING ON 

3.00£«04 



SPECIFIC SPEED 

30.44 

SHAFT diameter 

20.00 



SPECIFIC D1A)CTER 

1 .*♦ 






• 02 BOOST TlRBlKC ■ 


• 02 BOOST PIB^ ■ 


EFFICIENCY 

(T/T) 

0.077 

EFFICIENCY 

(T/S) 

0.012 

SPEED 

(RPM) 

*024. 

PCAN DIA 

(IN) 

7.12 

EFF AREA 

(1N2) 

3.30 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

301. 

STAGES 


1 

GAMMA 


1.41 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

l.Ol 

MORSEPOCR 


3*. 

EXIT MACH MUPQCR 

0.03 

SPECIFIC SPEED 

54.11 

SPECIFIC D1A)CTER 

1 .51 


EFFICIENCY 

0.744 

HORSEPO»CR 

5*. 

SPEED (RPM) 

*024. 

S SPEED 

5024. 

)CAD (FT) 

242. 

DIA. UN) 

3.34 

TIP SPEED 

152. 

VOL. FLOW 

425. 

7CAO COEF 

0.450 

FLOW COEF 

0.2M 


• 02 TURBllC ■ 


■ 02 PU»^ ■ 


EFFICIENCY 

(T/7) 

0.057 

efficiency 

(T/S) 

0.035 

SPEED 

(RPM) 

53570. 

MORSEPOER 


7*5. 

^AN DIA 

( IN) 

3.70 

EFr AREA 

{ 1N2 ) 

0.45 

U/C (ACTUAL) 

0.531 

MAX TIP SPEED 

*14. 

STAGES 


2 

Gamma 


1.41 

PRESS RATIO 

(T/T ) 

1.14 

PRESS RATIO 

(T/S) 

1.14 

EXIT KACM MLNBER 

0.07 

SPECIFIC SPEED 

45.23 

SPECIFIC DIA)CTER 

1 . TO 


EFFICIENCY 

0.740 

NORSEPOkCR 

7*5. 

SPEED (RPM) 

53570. 

SS SPEED 

21532. 

S SPEED 

105*. 

MEAD [FT) 

4*52. 

DIA. UN) 

2.40 

TIP SPEED 

400. 

VOL. FL(>( 

420. 

MEAD COEF 

0.431 

FLOW CtCF 

0.154 

DIA^CTER RATIO 

0.405 

BEARING ON 

1.5*e*04 

SHAFT DIA^TER 

24.00 
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TABLE 18. - SPLIT-EXPANDER ENGINE - 50,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE PERFOWMANCE PARa^TERS 


chamber PRESSURE 

1510.7 

VAC ENGINE THRUST 

50000. 

TOTAL ENGINE FLOM RATE 

1 OA . 1 7 

DEL . VAC . I SP 

ABO.O 

THROAT AREA 

U.IS 

nozzle area RATIO 

1000.0 

NOZZLE EXIT DIAMETER 

1A5.52 

ENGINE MIXTURE RATIO 

6.00 

ETA C" 

0.993 

chamber coolant dp 

A8 7 . 

CHAMBER COOLANT DT 

800. 

NOZZLE/CHAMBER 0 

22180. 


ENGINE station CONDITIONS 


• FUEL SYSTEM CONDITICKS ■ 


STATION 

PRESS 

TEMP 

B.P. IKCET 

18.6 

37.4 

B.P. EXIT 

101.0 

38.5 

PUMP INLET 

101.0 

38,5 

1ST stage exit 

2030.3 

61 .4 

JBV INLET 

1999 .8 

61.7 

JBV EXIT 

1699.9 

64.5 

2ND STAGE EXIT 

3125-1 

73.9 

POMP EXIT 

4227.8 

86,1 

COOLANT inlet 

4185.5 

86.5 

COOLANT EXIT 

3698 . 9 

886. 6 

TBV inlet 

3662.0 

886.9 

TBV EXIT 

1 78 0 . 3 

899.3 

02 TRB inlet 

3662 . 0 

886.9 

02 TRB EXIT 

3201 . 7 

862.1 

K2 TRB INLET 

3201 . 7 

862. 1 

H2 TRB EXIT 

1896.7 

769.2 

H2 TRB DIFFUSER 

1871-9 

769.4 

M2 BST TRB IN 

1853.2 

769.4 

H2 BST TRB OUT 

1827 . 1 

766-9 

H2 BST TRB DIFF 

1822.1 

767.0 

02 BST TRB IN 

1803.9 

767.1 

02 BST TRB OUT 

1790. 1 

765.7 

02 BST TRB DIFF 

1 789. 3 

765.7 

H2 TANK PRESS 

IB .6 

783.2 

GOX HEAT EXCH IN 

1 780.3 

772.4 

GOX ICAT EXCH OUT 

1771 .4 

771.7 

mixer HOT IN 

1771.4 

771.7 

mixer cold in 

1699.9 

64.5 

mixer out 

1682.8 

405.4 

FSOV INLET 

1682.8 

405.4 

FSOV exit 

1640.8 

405.6 

CHAMBER INJ 

1624 . 3 

405.6 

CHAMBER 

1510.7 



FLOM 

ENTHALPY 

DENSITY 

14.90 

- 107.5 

4.37 

14.90 

- 103.0 

4 . 39 

14.90 

-103-0 

4.39 

14.90 

6.4 

4,54 

7.45 

6.4 

4.52 

7.45 

6.4 

4 . 32 

7.45 

67.6 

4.60 

7.4S 

128.5 

4.67 

7.45 

12B.5 

4.65 

7.45 

3106.4 

0.71 

0.37 

3106.4 

0.70 

0.37 

3106.4 

0.35 

7.08 

3106.4 

0.70 

7.08 

3008-4 

0.64 

7.08 

3008.4 

0.64 

7.08 

2649.7 

0.44 

7.08 

2649-7 

0.43 

7.08 

2649-7 

0.43 

7.08 

2640.1 

0.42 

7.08 

2640.1 

0.42 

7.08 

2640,1 

0.42 

7.08 

2635.0 

0.42 

7.08 

2635.0 

0.42 

0.0153 

2658.6 

0.0045 

7.43 

2658.6 

0.41 

7.43 

2655.8 

0.41 

7.43 

2655.8 

0.41 

7.45 

6.4 

4 . 32 

14.88 

1329.7 

0.72 

14.88 

1329.7 

0.72 

14.88 

1329.7 

0.70 

14 .88 

1329.7 

0.70 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP INLET 
PUMP EXIT 

02 TANK PRESS 

ocv inlet 

OCV EXIT 
CMAHBER INJ 
CHAMBER 


VALVE 

JBV 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


■ OXYGEN SYSTEM CONDITIONS ■ 


PRESS 

TEMP 

FLOM 

ENTHALPY 

16.0 

162.7 

89.4 

61 . 1 

135.6 

163.2 

89.4 

61.5 

135.6 

163.2 

89.4 

61.5 

2446.6 

173.3 

89.4 

69.2 

16.0 

400.0 

0.151 

204 . 7 

2422.1 

173.4 

89.3 

69.2 

1695.5 

176.2 

89.3 

69.2 

1661.7 

1510.7 

176.3 

89.3 

69.2 


DELTA P 

• VALVE DATA 

area 

FLOM 

t BYPASS 

300. 

0-30 

7.45 

50.00 

1882. 

0.02 

0.37 

5.00 

42 . 

3.94 

14.88 


727. 

0.59 

89.29 



• 

INJECTOR 

DATA • 


delta p 

apEa 

FLCW 

VELOCITY 

114. 

: . 71 

14.88 

1142.70 

168 . 

l . 29 

89.29 

140.86 


DENSITY 
71,17 
71 .20 
71.20 
71,75 
0.12 
71.71 
70.58 
70. 5J 


l.M) 



TABLE 18. — SPLIT-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


■ 7l*BOMACM!fC»V PERFOftHAXI DATA ■ 


• H2 BOOST TURB[»C ■ 

■ K2 BOOST 

puor ■ 

EFFlClETCy 

IT/T) 

e.BPS 

EFFICIENCY 

0.74S 

EFFIClE>Or 

tT/S) 

0.711 

HORSEPOICR 

94. 

SPEED 

IRPM) 

2»2S*. 

SPEED (RPN) 

29259. 

HEAM DIA 

(IN) 

s.oo 

S SPEED 

5044. 

EFF APEA 

( 1M2) 

5.11 

^CA0 (FT) 

2704. 

U/C (ACTUAL) 

D.SS5 

DlA. (IN) 

5.44 

HAX TIP SPEED 

<04. 

TIP SPEED 

440. 

STAGES 


I 

VOL. FtOM 

1525. 

CA>«iA 


1.40 

fCAO COEF 

0.450 

PRESS RATIO 

(T/T) 

1 .81 

FLW COEF 

0.201 

PRESS RATIO 

IT/S) 

I .02 



HORSEPOkOI 


94. 



EXIT KA04 MV1BCR 

0.07 



SPECIFIC SPEED 

112. SI 



SPECIFIC OIAFCTER 

0.77 




■ K2 rURBIKC ■ 



■ K2 PUPT 

!■ 

m 






STAGE OFC 

STAGE TWO 

stage t>«ee 

EFFICIEICV 

(T/T) 

0.849 

EFF ICIEMCV 

0.724 

0.725 

0.722 

EFFICIENCY 

(T/S) 

0.845 

HORSEPOCR 

2504. 

445. 

442. 

SPEED 

(RPH) 

lOOODO. 

SPEED (RPMl 

100000. 

100000. 

100000. 

NORSEPC»« 


5S91. 

SS SPEED 

12795 . 



)CAN DIA. 

(IN) 

5.47 

S SPEED 

980. 

1045. 

1045. 

EFF AREA 

( IN2 ) 

0.47 

)€AO (FT) 

41758. 

54459. 

54250. 

U/C (ACTUAL) 

0.S54 

DIA. (IN) 

4.44 

5.59 

5.59 

MAX TIP SPEED 

1700. 

TIP SPEED 

1959. 

1479. 

1479. 

STAGES 


2 

VOL . FLOM 

1472. 

724. 

714. 

GAMMA 


1.40 

►CAD COEF 

0.S29 

0.507 

0.505 

PRESS RATIO 

(7/T) 

1.49 

FLOM COEF 

D. 109 



PRESS RATIO 

(T/S) 

1.72 

diameter RATIO 

0.591 



EXIT HACN NUMBER 

0.15 

BEARING ON 

5.00E*04 



SPECIFIC SPEED 

44.14 

SHAFT diameter 

50.00 



SPECIFIC DIA7CTCR 

1 .49 






■ 02 KiaST TUR81»C • 


> 02 BOOST • 


EFFICIE»CV 

(T/T) 

8. BBS 

EFFICIETCY 

(T/S) 

6.B19 

SPEED 

(RPH) 

7B17. 

MEAN DIA 

< IN) 

8.22 

EFF AREA 

(1N2) 

4.50 

U/C (ACTUAL) 

0.551 

HAX TIP SPEED 

501. 

STAGES 


1 

CA»R1A 


1.40 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.01 

HORSEPOmi 


51. 

EXIT HACH number 

0.05 

SPECIFIC SPEED 

55.70 

SPECIFIC diameter 

1 .55 


EFFICIENCY 

0.744 

H0RSCP04CR 

51. 

SPEED (RPH) 

7*17. 

S SPEED 

5024. 

►CAD (FT) 

242. 

DIA. (IN) 

5.85 

TIP SPEED 

152. 

VOL. FLCH 

544. 

►CAD COEF 

0.450 

FLOW COEF 

0.200 


02 TURBI>C • 


■ 02 Pl»^ ■ 


EFFICIENCY 

(T/T) 

0.851 

EFFICIENCY 

0.749 

EFFICIENCY 

(T/S) 

0.824 

►ORSEPOkCR 

981 . 

SPEED 

(RPH) 

45004. 

SPEED (RPH) 

45004. 

►(ORSEPdCR 


981. 

SS SPEED 

20885. 

MEAN DIA 

(IN) 

5.47 

S SPEED 

1895. 

EFF AREA 

1 IW2 ) 

0.48 

►CAD (FT) 

4454. 

U/C (MrrUAL) 

0.440 

DIA. (IN) 

2.98 

MAX TIP SPEED 

774. 

TIP SPEED 

584. 

STAGES 


2 

VOL. FLOW 

540. 

GAmx 


1.40 

►CAD COEF 

0.454 

PRESS RATIO 

IT/T) 

1.14 

flow COEF 

0.158 

PRESS RATIO 

(T/S) 

1.15 

dia>cter ratio 

0.48$ 

EXIT HACN NlflBER 

0.07 

BEARING DN 

1 .55E*04 

SPECIFIC SPEED 

4J.75 

SHAFT diameter 

50.00 


SPECIFIC OIAHETCT 
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TABLE 19. - DUAL-EXPANDER ENGINE - 7500 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE PERFOOHAMCE PARANETERS 


chamber pressure 1571.2 
VAC ENCI>C THRUST 7S00. 
TOTAL ENGI«; FLOM RATE lS.i3 
DEL. VAC. ISP 471.9 
THROAT AREA 2.^1 
NOZZLE AREA RATIO lOCO.O 
nozzle EXIT DIA^TER S8.52 
ENGINE MIXTURE RATIO 4-00 
ETA C» 0.113 
CHAMBER COOLANT DP ‘21. 
CHAMBER COOLANT DT ‘10- 

nozzle coolant dp 184. 

NOZZLE COOLANT DT S44. 
CHAMBER Q (HYDROGEN COOLED) 4114- 
NOZZLE 0 (OXYGEN 1X)0L£0) 2S74, 


ENGI>C STATION CONDITIONS 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP inlet 

1ST stage exit 
PUMP EXIT 
COOLANT inlet 
COOLANT EXIT 
TBV inlet 
TBV EXIT 
HZ TRB IhL.ET 
H2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
HZ BST TRB OUT 
HZ BST TRB DIFF 
KZ TANX press 
FSOV INLET 
FSOV EXIT 
CHAHBER INJ 
CHAHBER 


STATION 
B.P. inlet 
B.P- EXIT 

PUMP inlet 

PUMP EXIT 
COOLANT IKCET 
COOLANT EXIT 
OTBV inlet 
OTBV EXIT 
02 TRB inlet 
OZ TRB EXIT 
02 TRB DIFFUSER 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
OBTV inlet 
OBTV EXIT 
MIXER 

02 TANK PRESS 

ocv inlet 

OCV EXIT 
chamber INJ 

CHAMBER 


valve 

OTBV 

TBV 

FSOV 

OBTV 

OCV 


injector 

FUEL 

LOX 


■ FUEL 

SYSTEM CONDITIONS • 



PRESS 

TE>r 

FLOM 

enthalpy 

DENSITY 

18.4 

37.4 

2.24 

-107-5 

4.37 

100. B 

5B.5 

2.24 

-103.0 

4.31 

100. B 

SB. 5 

2.24 

- 103.0 

4.31 

1 703. S 

44.3 

2.24 

5.1 

4 . 33 

3254. S 

88 .4 

2-24 

111.2 

4.32 

3223.1 

88.7 

2.24 

111.2 

4.31 

2714.4 

5 78.3 

2.24 

1188. 1 

0.82 

2744.7 

578.5 

O.ll 

1188 . 1 

0 .81 

1527.4 

584.5 

0.11 

1188. 1 

0.44 

2744.7 

579.5 

2.12 

1188 . 1 

0 .81 

1407.8 

522.2 

2.12 

1742.7 

0.54 

157S.5 

522.3 

2. 12 

1742.7 

0.53 

1542.8 

522.3 

2.12 

1742.7 

0-53 

1542.2 

521.2 

2-12 

1757.9 

0.52 

1527.4 

521.2 

2-12 

1757.1 

0.52 

18.4 

530.5 

0.0034 

1741.4 

0.0044 

1527.4 

524.4 

2.23 

1741.4 

0.51 

1489.2 

524.5 

2.23 

1741.4 

0.50 

1474.3 

524.4 

2.23 

1741.4 

0 .50 

1371.2 





• OXYGEN SYSTEM 

CONDITIONS 

■ 


PRESS 

TEJ^ 

FLOW 

enthalpy 

DENSITY 

14.0 

142.7 

13.4 

41.1 

71.17 

135.4 

143.2 

13.4 

41.5 

71.20 

135.4 

143.2 

13.4 

41.5 

71.20 

4844.1 

188 .4 

13.4 

71.1 

71-57 

4814.2 

188.4 

13.4 

71.1 

71 .50 

4430.0 

752.7 

13.4 

271.0 

14.11 

4430.0 

752.7 

0.4 

271 .0 

14.91 

2313.4 

755.0 

0.4 

271,0 

9.11 

4430.0 

752.7 

11-5 

271,0 

16.91 

2514.1 

454.8 

11.5 

250.4 

11.38 

2313.4 

453-1 

11.5 

250.4 

10,54 

4430.0 

752.7 

1.3 

271.0 

14.91 

4518.2 

737.4 

1.3 

247.0 

17.22 

4514.8 

737.4 

1.3 

247.0 

17.21 

4514.8 

737.4 

1.3 

247 , 0 

17.21 

2313.4 

718 .8 

1.3 

24 7 .0 

9.43 

2313.4 

443.9 

15.4 

253.0 

10.36 

14.0 

419.8 

0.015 

255.0 

0-08 

2117.7 

442.3 

13.4 

255-0 

9.88 

1538.4 

452 .0 

13.4 

253.0 

7.01 

1523.0 

451.7 

13-4 

253,0 

7.02 

1371.2 






■ VALVE DATA • 



DELTA P 

AREA 

FLOW 

X BYPASS 


2317. 

O.Ol 

0.40 

5.00 


1231. 

0.01 

0.11 

5.00 


38- 

0.74 

2.23 



2293, 

0 .01 

1.54 



4S1. 

0 . 25 

13.31 




• INJECTOR 

DATA » 



delta P 

AREA 

FLOW 

VELOCITY 


105 . 

0.47 

2.23 

12 78. 14 


152 , 

0 .kl 

13.51 

426.51 
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TABLE 19. — DUAL-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• turbomacm:nerv perforkance data ■ 


• Mr BOOST TURBINE • ■ Kj BOOST PUMP ■ 


efficiency 

(T/T) 

0.702 

EFFICIE>CY 

0.765 

EFFICIENCY 

(T/S) 

0.356 

HORSEP06CR 

)4. 

SPEED 

(RPM) 

75A66. 

SPEED (RPM) 

75466. 

MEAN DIA 

( IN) 

0.82 

S SPEED 

3045. 

EFF AREA 

(IN2 ) 

0. 9< 

HEAD (FT) 

2701. 

U/C (ACTUAL) 

0.553 

OIA. (IN) 

1.33 

MAX TIP SPEED 

39A. 

TIP SPEED 

439. 

STAGES 


I 

VOL. FLOW 

229. 

GAMMA 


1 .39 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T ) 

1 .0] 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1 .03 



HORSEPOWER 


U. 



EXIT MACH NUMBER 

0. n 



SPECIFIC SPEED 

U3 .67 



SPECIFIC diameter 

0.51 




■ H2 TURBINE " *82 PUMP » 


STAGE ONE STAGE TWO 


EFFICIENCY 

(T/T ) 

0. 7B6 

EFFICIENCY 

0.627 

' 0.631 

EFFICIENCY 

(T/S) 

0.754 

HORSEPOWER 

345. 

333. 

SPEED 

(RPM) 

187500. 

SPEED (RPM) 

187500. 

187500. 

HORSEPOWER 


677 . 

SS SPEED 

9304. 


MEAN OIA. 

(IN) 

2.11 

S SPEED 

B16. 

833. 

EFF AREA 

( 1N2 ) 

0.13 

HEAD (FT) 

53103. 

51706. 

U/C (ACTUAL) 

0.513 

DIA. (IN) 

2.22 

2.22 

MAX TIP SPEED 

1800. 

TIP SPEED 

1818. 

1818. 

stages 


1 

VOL. flow 

232. 

232. 

GAMMA 


1 .39 

head COEF 

0.517 

0.503 

PRESS RATIO 

(T/T ) 

1 . 72 

FLOW COEF 

0.098 


PRESS RATIO 

(T/S ) 

I . 76 

diameter ratio 

0.332 


EXIT MACH NUMBER 

0. 16 

BEARING DN 

3.00E*06 


SPECIFIC SPEED 

34.00 

SHAFT diameter 

16.00 


SPECIFIC DIAMETER 

2 . 10 





• or BOOST TURBINE ■ ■02 BOOST PUMP ■ 


EFFICIENCY 

(T/T) 

0. 798 

EFFICIEMCV 

0.764 

EFFICIENCY 

(T/S) 

0.752 

HORSEPO»CR 

8. 

SPEED 

(RPM) 

20189. 

SPEED (RPM) 

20189. 

MEAN DIA 

( IN) 

2 .83 

S SPEED 

3026. 

EFF AREA 

( IN2) 

0.08 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

1 .49 

MAX TIP SPEED 

263. 

TIP SPEED 

132. 

STAGES 


1 

VOL. FLOW 

85. 

GAMMA 


1.60 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T ) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPOWER 


8. 



EXIT MACH number 

0.02 



SPECIFIC SPEED 

41.74 




SPECIFIC DIAMETER 1.05 


• or TURBINE " ■02 PUMP ■ 


EFFICIENCY 

(T/T) 

0.8 11 

EFFICIENCY 

0.693 

EFFICIENCY 

(T/S) 

0 .697 

HORSEPOWER 

335. 

SPEED 

(RPM) 

156345. 

SPEED (RPM) 

156345. 

HORSEPOWER 


335. 

SS SPEED 

28091. 

MEAN OIA 

( IN ) 

0.82 

S SPEED 

1488. 

EFF AREA 

( IN2 ) 

0. 12 

HEAD (FT) 

9514. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

1 .22 

MAX TIP SPEED 

648 . 

TIP SPEED 

835. 

STAGES 


1 

VOL. FLOW 

84. 

GAMMA 


1 . 60 

MEAD CC£F 

0.439 

PRESS RATIO 

(T/T) 

1 .84 

FLOW COEF 

0.138 

PRESS RATIO 

(T/5) 

2 . 06 

diameter ratio 

0.669 

EXIT MACH NUMBER 

0.33 

bearing DN 

1 .56E*D6 

SPECIFIC SPEED 

85 . 30 

SHAFT diameter 

10.00 


SPECIFIC diameter 0.96 
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TABLE 20. — DUAL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENCIME performance PARAMETERS 


chamber presswe 

1218. S 

VAC ENGINE THRUST 

15000. 

TOTAL ENGINE FLOW RATE 

31.26 

del. vac. ISP 

A79-9 

THROAT AREA 

«.0) 

nozzle area ratio 

1000.0 

nozzle exit diameter 

87.46 

ENGINE MIXTLRE RATIO 

6.00 

ETA C« 

0.993 

chamber coolant DP 

399. 

chamber coolant dt 

394. 

nozzle coolant dp 

212. 

nozzle coolant dt 

439. 

chamber Q I hydrogen cooled) 

6797. 

nozzle 0 [OXYGEN COOLED) 

42)0. 


ENGINE STATION CONDITIONS 


STATION 
8.P. INLET 
B.P. EXIT 
PUMP INLET 
1ST STAGE EXIT 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
TBV I«_ET 
TBV EXIT 
K2 TRB INLET 
H2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
H2 BST TRB OUT 
M2 BST TRB DIFF 
M2 TANK PRESS 
FSOV INLET 
FSOV EXIT 
CHAMBER INJ 
CHAMBER 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP INLET 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
OTBV I«_ET 
OTBV EXIT 
02 TRB INLET 
02 TRB EXIT 
02 TRB DIFFUSER 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
OBTV INLET 
OBTV EXIT 
MIXER 

02 TAMC PRESS 
OCV INLET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

OTBV 

TBV 

FSOV 

OBTV 

OCV 


INJECTOR 

FUEL 

LOX 


■ FUEL SYSTEM CONDITIONS • 


PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

10.6 

37.4 

4.47 

-107.5 

4.37 

lOO.B 

38.5 

4.47 

-103.0 

4.59 

100.8 

38.5 

4-47 

-103.0 

4.39 

1459.8 

56.9 

4.47 

-20-2 

4.44 

2814.1 

74.6 

4,47 

61.5 

4.49 

2786.0 

74.8 

4.47 

61.5 

4.47 

2386.6 

469.3 

4.47 

1580.9 

0.86 

2562.7 

469.4 

0.22 

1580.9 

0.85 

1357.6 

473.2 

0.22 

1580.9 

0.51 

2362.7 

469.4 

4,25 

1580.9 

O.BS 

1440.9 

426.3 

4.25 

1407.8 

0.59 

1407.1 

426.4 

4.25 

1407.8 

0.58 

1393.0 

426.4 

4.25 

1407.8 

0.58 

1371. 8 

425.2 

4.25 

1405.0 

0.57 

1357.6 

425.2 

4.25 

1403.0 

0.56 

ia.6 

451 . 1 

0.0083 

1411.9 

o.ooei 

1357.6 

42 7.6 

4.47 

1411.9 

0.56 

1323.7 

427.7 

4.47 

1411.9 

0.55 

1310.5 

427. B 

4.47 

1411.9 

0.54 

1218.5 





■ OXYGEN SYSTEM 

conditions 

■ 


PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

16.0 

162.7 

26.8 

61 . 1 

71.17 

135.6 

165.2 

26.8 

61.5 

71.20 

135.6 

163.2 

26.8 

61.5 

71.20 

5031.7 

187.5 

26.8 

79.0 

71.84 

4981.3 

187.7 

26.8 

79.0 

71-76 

4769.4 

626.4 

26. B 

235.9 

21.59 

4769.4 

626.4 

1.2 

235.9 

21.59 

2056.5 

594.0 

1.2 

235.9 

10.60 

4769.4 

626.4 

22.9 

235.9 

21.59 

2268.6 

523.0 

22.9 

215.4 

13.93 

2056.5 

518.3 

22.9 

215.4 

12.77 

4769.4 

626.4 

2.7 

235.9 

21.59 

4730.5 

611.8 

2.7 

231.9 

22-07 

4728.9 

611 .8 

2.7 

231.9 

22.07 

4728.9 

611 .8 

2.7 

231.9 

22.07 

2056.5 

578 .5 

2.7 

231.9 

10.96 

2056.5 

527.4 

26.8 

218.0 

12.45 

16.0 

460.5 

0.039 

2)8.0 

0.10 

1953.6 

525.1 

26.8 

218.0 

11 .89 

1367-5 

510.0 

26.8 

218.0 

8.55 

1353.9 

509.6 

26.8 

218.0 

8.47 

1218.5 





• 

VALVE data ■ 



DELTA P 

AREA 

FLOW 

X BYPASS 


2713. 

0.01 

1.21 

5.0C 


1005. 

0.01 

0.22 

5.00 


34. 

1.51 

4.47 



2672. 

0.02 

2.68 



586. 

0.48 

26.79 



■ 

injector 

DATA > 



DELTA P 

AREA 

FLOW 

VELOCITY 


92. 

0.96 

4.47 

1159.15 


135. 

1.18 

26.79 

366.80 
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TABLE 20. — DUAL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


“ turbomacmimerv performance data » 


• M2 BOOST TURBINE ■ 

■ M2 BOOST 

» 

EFFICIENCY 

(T/T) 

0.7A0 

EFFICIENCY 

0.765 

EFFICIENCY 

(T/S) 

0.391 

HORSEPOWER 

29. 

SPEED 

(RPM) 

53362. 

SPEED (RPM) 

53362. 

MEAN DIA 

(IN) 

1 . U 

S SPEED 

3065. 

EFF AREA 

(IN2) 

1.77 

HEAD (FT ) 

Z7DC. 

U/C (ACTUAL) 

0.551 

DIA. (IN) 

1 .B9 

max tip speed 

390. 

TIP SPEED 

639. 

STAGES 


1 

VOL. FLOW 

657. 

GAmA 


1.60 

HEAD COEF 

0.650 

PRESS RATIO 

IT/T ) 

1 .02 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

I .03 



HORSEPOHER 


29. 



EXIT KACM number 

0.12 



SPECIFIC SPEED 

167.66 



SPECIFIC DIAMETER 

0.52 




■ hC TURBINE • • H2 PVHP • 






STAGE 0»C 

STAGE TWO 

EFFICIENCY 

(T/T) 

0.812 

EFFICIENCY 

0.686 

0.687 

EFFICIENCY 

IT/S) 

0.767 

HORSEPOWER 

526. 

517. 

SPEED 

(RPM) 

136363. 

SPEED (RPM) 

136363. 

136363. 

HORSEPOWER 


1061 . 

SS SPEED 

9576. 


MEAN DIA. 

(IN) 

2.76 

S SPEED 

951 . 

955. 

EFF AREA 

( IN2) 

0.28 

HEAD (FT) 

66223. 

65656. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.79 

2.79 

MAX TIP SPEED 

1713. 

TIP SPEED 

1659. 

1659. 

STAGES 


1 

VOL. FLOW 

652. 

467. 

GAhtIA 


1 .60 

HEAD COEF 

0.517 

O.Sll 

PRESS RATIO 

(T/.T) 

1.66 

FLOW COEF 

0.107 


PRESS RATIO 

(T/S) 

1.69 

DIAMETER RATIO 

0.371 


EXIT MAOI NUMBER 

0.19 

bearing DN 

3.00E*06 


SPECIFIC SPEED 

61.25 

SHAFT DIAMETER 

22.00 


SPECIFIC DIAMETER 

1 .89 




• 02 BOOST TURBINE ■ 

• 

02 BOOST P\M> • 



EFFICIENCY 

(T/T) 

0.807 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.765 

HORSEPOHER 

15. 

SPEED 

(RPM) 

16272. 

SPEED (RPM) 

16272. 

)CAN DIA 

(IN) 

6.01 

S SPEED 

3026. 

EFF AREA 

( 1N2) 

0.16 

HEAD (FT) 

262. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.11 

MAX TIP SPEED 

261. 

TIP SPEED 

132. 

STAGES 


1 

VOL. flow 

169. 

(?AMHA 


1.75 

)CAD COEF 

0.650 

PRESS RATIO 

(T/T) 

1.01 

FLOW CDEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



H0RSEPO6CR 


15. 



EXIT MACH NUMBER 

0.02 



SPECIFIC SPEED 

58.01 



SPECIFIC diameter 

2.06 




» 02 TURBINE ■ -02 PUMP • 


efficiency 

(T/T) 

0.830 

EFFICIENCY 

0.717 

EFFICIENCY 

(T/S) 

0.722 

HORSEPOWER 

667. 

SPEED 

(RPM) 

110621. 

SPEED (RPM) 

110621. 

HORSEPOWER 


667. 

SS SPEED 

28065. 

^AN DIA 

( IN) 

2 .16 

S SPEED 

2650. 

EFF AREA 

(IN2) 

0.20 

HEAD (FT) 

9812. 

U/C (ACTUAL ) 

0-553 

DIA. (IN) 

1.73 

MAX TIP SPEED 

660. 

TIP SPEED 

8 36. 

STAGES 


1 

VOL. FLOW 

168. 

ISAmA 


1.73 

HEAD COEF 

0.656 

PRESS RATIO 

(T/T ) 

2.10 

FLOW COEF 

0.136 

PRESS RATIO 

(T/S) 

2.60 

DIAMETER RATIO 

0.669 

EXIT MACH NUMBER 

0.35 

bearing DW 

1 -S5E*06 

SPECIFIC SPEED 

81.68 

SHAFT DIAMETER 

16.00 

SPECIFIC diameter 

1.01 
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TABLE 21. - DUAL-EXPANDER ENGINE - 25,000 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGI^C PtRFORMANCC PARAMETERS 


chamber pressure 

VAC E>«INE T>«UST 
TOTAL ENGlhC FLOM RATE 
DEL. VAC. ISP 
TWOAT AREA 
M02ZLE AREA RATIO 

nozzle exit diameter 
ENGItC mixture ratio 
ETA C» 

CHAMBER COOLAWT DP 

chamber coolant DT 

NOZZLE COOLANT DP 
NOZZLE COOLANT DT 
chamber Q IMVDROGEN COOLED) 
NOZZLE Q I OXYGEN COOLED) 


US8-7 

2S000. 

SZ.IO 

10. S2 
1000.0 
115.74 
4.00 
0.»»5 
335. 
367. 
233. 
373. 
994B. 
4214. 


EHCI»« STATION CONDITIONS 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP INLET 
1ST STAGE EXIT 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
TBV INLET 
TBV EXIT 
K2 TRB inlet 
H2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
H2 BST TRB OUT 
M2 BST TRB DIFF 
H2 TANK PRESS 
FSOV INLET 
FSOV EXIT 
CHAMBER INJ 
CHAMBER 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
OTBV INLET 
OTBV EXIT 
02 TRB INLET 
02 TRB EXIT 
02 TRB DIFFUSER 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
OBTV INLET 
OBTV EXIT 
MIXER 

02 tank press 

OCV INLET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

OTBV 

TBV 

FSOV 

OBTV 

(XV 


INJECTOR 

FUEL 

LOX 


PRESS 

TEMP 

FLOW 

enthalpy 

18.4 

57.6 

7.64 

-107.5 

100.5 

58-5 

7.64 

-105.0 

100.5 

58.5 

7.64 

-105.0 

1274.5 

52.3 

7.64 

-37.0 

2670.6 

45.7 

7.64 

29.0 

2665.7 

44.0 

7.64 

29.0 

2110.5 

615.6 

7.64 

1345.4 

2089.6 

615.5 

0.57 

1345.4 

1291.6 

615.7 

0.57 

1345.4 

2089.6 

615.5 

7.09 

1345.4 

1577.3 

579.4 

7.09 

1224.4 

1358.5 

579.7 

7.09 

1224.4 

1325.1 

579.7 

7.09 

1224.4 

1306.8 

578.5 

7-09 

1221.8 

1291 .6 

578.5 

7.09 

1221 .8 

18.4 

582.2 

0.0157 

1229.0 

1291.6 

580.6 

7.66 

1229.0 

1259.1 

380.6 

7.66 

1229.0 

1264.5 

380.5 

7.66 

1229.0 

1158.7 




• OXYGEN SYSTEM 

CONDITIONS 

■ 

PRESS 

TEN» 

FLOM 

ENTHALPY 

14.0 

142.7 

66.7 

41.1 

155.4 

143.2 

66.7 

41.5 

155.4 

143.2 

66.7 

41.5 

6769.4 

186.9 

66.7 

77.5 

6782.1 

185.1 

66.7 

77.5 

6649.5 

558.1 

66.7 

214.5 

6649.5 

558.1 

2.0 

214.5 

1955.8 

519.9 

2.0 

214.5 

6649.5 

558.1 

58.2 

214.5 

2l54.0 

640.9 

58.2 

197.7 

19SS.0 

655.5 

58.2 

197.7 

6649.5 

558.1 

6.5 

214.5 

6650.4 

566.5 


212.6 

6429.0 

566.5 

6.5 

212.6 

6629.0 

566.5 

6.5 

212.6 

1955,0 

505.5 

6.5 

212.6 

1955-0 

642.5 

66.7 

200-0 

14.0 

578.6 

0.080 

200.0 

1857.5 

659-7 

66.7 

200.0 

1500.1 

661.6 

66.7 

200.0 

1287.1 

660.9 

66.7 

200.0 

1158.7 




• 

VALVE DATA • 


DELTA P 

AREA 

FLOW 

X BYPASS 

2516. 

0.02 

2.01 

5.00 

798. 

0.03 

0.57 

5.00 

52. 

2.69 

7.66 


2676. 

0.06 

6.67 


557. 

0.74 

66.45 


■ 

INJECTOR 

DATA ■ 


DELTA P 

AREA 

FLOW 

VELOCITY 

88 . 

1.58 

7.66 

1093.35 

128. 

1.87 

66.65 

530.17 


DENSITY 

6.37 

6.39 

6.39 

6.50 

6.59 

6.57 

0.87 

0.84 

0.55 

0.84 

0.46 

0.42 

0.42 

0.41 

0.40 

0.0092 

0.40 

0.59 

0.58 


DENSITY 

71.17 

71.20 

71.20 

71.98 

71.91 

23.78 

23.78 
12.07 

25.78 
14.13 
16.86 
25.78 
26.61 
26.61 
26.61 
12.57 
16.64 

0.15 

15.82 

10.00 

9.91 
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TABLE 21. — DUAL-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


* TURBOHACHINERV PERFORMANCE DATA • 


■ M2 BOOST TURBINE ■ -HZ BOOST PUMP ■ 


EFFICIENCY 

(T/T) 

0.82A 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.A36 

HORSEPOWER 

48. 

SPEED 

(RPM) 

A12A0. 

SPEED (RPM) 

41240. 

MEAN DIA 

(IN) 

1 .4S 

S SPEED 

3049. 

EFF AREA 

(IN2) 

2.95 

FtAD (FT) 

2690. 

U/C (ACTUAL) 

0.S54 

DIA. (IN) 

2.44 

MAX TIP SPEED 

376. 

TIP SPEED 

439. 

stages 


1 

VOL. FLOW 

763. 

GAMMA 


1.41 

MEAD COEF 

0.4S0 

PRESS RATIO 

(T/T) 

1,02 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1.03 



HORSEPOWER 


48. 



EXIT MACH NUMBER 

0.13 



SPECIFIC SPEED 

ISO. 00 



SPECIFIC DIAMETER 

0.S2 




■ H2 TURBINE « 



» H2 pump ■ 






STAGE ONE 

STAGE TWO 

EFFICIENCY 

(T/T) 

0.870 

EFFICIENCY 

0.738 

0.736 

EFFICIENCY 

(T/S) 

0.801 

HORSEPOWER 

697. 

6 96. 

SPEED 

(RPM) 

12SOOO. 

SPEED (RPM) 

125000. 

125000. 

HORSEPOWER 


1393. 

SS SPEED 

11361. 


MEAN DIA. 

(IN) 

2.67 

S SPEED 

1255. 

1245. 

EFF AREA 

( IN2 ) 

O.Sl 

KAD (FT) 

37909. 

3 78 1 1 . 

U/C (ACTUAL? 

0.553 

DIA. (IN) 

2.89 

2.89 

MAX TIP SPEED 

1577. 

TIP SPEED 

1578. 

1577. 

STAGES 


1 

VOL. FLOW 

744. 

730. 

(^AMHA 


1.41 

FCAO COEF 

0.490 

0.489 

PRESS RATIO 

(T/T) 

1.52 

FLOW COEF 

0.126 


PRESS RATIO 

(T/S) 

1 .58 

DIAMETER RATIO 

0.436 


EXIT MACH number 

0.22 

BEARING DN 

3.00E*06 


SPECIFIC SPEED 

57.47 

shaft diameter 

24.00 


SPECIFIC DIAMETER 

1.42 





« 02 BOOST TURBINE " 

» 02 BOOST 

PUMP ■ 

EFFICIENCY 

(T/T) 

0.847 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.803 

H0RSEP06CR 

26. 

SPEED 

(RPM) 

11053. 

SPEED (RPM) 

11053. 

9CAN DIA 

(IN) 

5 .17 

S SPEED 

3026. 

EFF AREA 

(IN2) 

0.22 

«AO (FT) 

242, 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.72 

MAX TIP SPEED 

261. 

TIP SPEED 

132. 

STAGES 


1 

VOL. FLOW 

282. 

GAWA 


1 .85 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

l.Ol 



HORSEPOWER 


26. 



EXIT MACH NUMBER 

0.02 



SPECIFIC SPEED 

38.43 



SPECIFIC DIAMETER 

2.06 




■ 02 TURBINE • 


■ 02 PUMP ■ 


EFFICIENCY 

(T/T) 

0.B77 

EFFICIENCY 

0.737 

EFFICIENCY 

(T/S) 

0.764 

H0RSEP06IER 

1018. 

SPEED 

(RPM) 

82933. 

SPEED (RPM) 

82933. 

HORSEPOWER 


1018. 

SS SPEED 

27218. 

MEAN DIA 

(IN) 

1.48 

S SPEED 

1471. 

EFF AREA 

(IN2) 

0.33 

►CAD (FTl 

9227. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.22 

MAX TIP SPEED 

612. 

TIP SPEED 

804 . 

STAGES 


1 

VOL. FLOW 

279. 

GAMMA 


1 .85 

►CAD COEF 

0.459 

PRESS RATIO 

(T/T) 

2.07 

FLOW COEF 

0.137 

PRESS RATIO 

(T/S) 

2.37 

DIAMETER RATIO 

0.671 

EXIT MACH NUMBER 

0.35 

BEARING DW 1 

.49E*06 

SPECIFIC SPEED 

8 3.68 

SHAFT DIA^CTER 

o 

o 

SPECIFIC DIAMETER 

1 .01 
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TABLE 22. — DUAL-EXPANDER ENGINE - 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) 


ENGINE performance PARATCTERS 


CHAMBER PRESSURE 

I07S.9 

VAC ENGINE TWUST 

J7500. 

TOTAL ENGI»C FLOM RATE 

78. IS 

DEL. VAC. ISP 

A7T.T 

THROAT AREA 

U.TT 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIAiCTER 

1A7.0T 

ENGINE MIXTURE RATIO 

«.00 

ETA C» 

0.»TJ 

CHAMBER COOLANT DP 

27». 

CHAMBER COOLAWT DT 

S17. 

NOZZLE COOLANT DP 

ZAO. 

NOZZLE COOLANT DT 

32A. 

chamber 0 (HYDROGEN COOLED) 

13S88. 

NOZZLE Q (OXYGEN COOLED) 

8378. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS » 


STATION 

PRESS 

TE>P 

FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

18. ( 

37.4 

11.19 

-107.5 

4.37 

B.P. EXIT 

100.3 

38.5 

11.19 

-103.0 

4.39 

PUMP INLET 

100.3 

38.5 

11.19 

-103-0 

4.39 

1ST STAGE EXIT 

1139.0 

50.0 

11.19 

-44.5 

4.51 

PUMP EXIT 

2200.4 

41.2 

11.19 

10.2 

4.41 

COOLANT INLET 

2178.4 

41 .4 

11.19 

10.2 

4.59 

COOLANT EXIT 

1899.3 

378.0 

11.19 

1224.4 

0.84 

TBV INLET 

1880.3 

378.0 

0.54 

1224.4 

0.85 

TBV EXIT 

1197-8 

379.4 

0.54 

1224.4 

0.54 

M2 TRB INLET 

1880.3 

378.0 

10.43 

1224.4 

0.85 

M2 TRB EXIT 

1284.1 

349.2 

10.43 

1105.4 

0.45 

H2 TRB DIFFUSER 

1243.7 

349.2 

10.43 

1105.4 

0.43 

M2 BST TRB IN 

1231.3 

349.2 

10.43 

1105.4 

0.43 

H2 BST TRB OUT 

1211.1 

348. 1 

10.43 

1100.4 

0.42 

H2 BST TRB DIFF 

1197.8 

548.1 

10.43 

1100.4 

0.41 

M2 tank PRESS 

18.4 

350.3 

0-0257 

1104.8 

0.0100 

FSOV INLET 

1197.8 

349.7 

11.14 

1104.8 

0.41 

FSOV EXIT 

1147.9 

349.7 

11.14 

1104.8 

0.59 

CHAMBER INJ 

11S4.2 

349.7 

11.14 

1104.8 

0.59 

CHAMBER 

107S.9 






■ OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TE78» 

FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

14.0 

142.7 

47.1 

41.1 

71 . 17 

B.P. EXIT 

13S.4 

143.2 

47.1 

41.5 

71.20 

PUMP INLET 

15S.4 

143.2 

47.1 

41.5 

71.20 

PUMP EXIT 

4440.2 

183.4 

47.1 

74,9 

72.08 

COOLANT INLET 

4S9S.8 

183.8 

47.1 

74.9 

72.01 

COOLANT EXIT 

43S5.9 

509.5 

47.1 

201.7 

24.47 

OTBV INLET 

4353.9 

509.5 

3.0 

201.7 

24.47 

OTBV EXIT 

1815.9 

444.2 

3.0 

201.7 

13.30 

02 TRB INLET 

4553.9 

509.5 

57.4 

201.7 

24.47 

02 TRB EXIT 

2014.1 

414.3 

57.4 

183.4 

18.20 

02 TRB DIFFUSER 

1815.9 

409.8 

57.4 

183.4 

14.70 

02 BST TRB IN 

4353.9 

509.5 

4.7 

201.7 

24.47 

02 BST TRB OUT 

45)2.4 

494.8 

4.7 

197.4 

27.25 

02 BST TRB DIFF 

4310.9 

494.8 

4.7 

197.4 

27.22 

OBTV INLET 

4310.9 

494.8 

4.7 

197.4 

27.22 

OBTV EXIT 

1815.9 

450.9 

4-7 

197.4 

13.93 

MIXER 

1815.9 

415.8 

47.0 

185.9 

14.19 

02 TANK PRESS 

14.0 

313.7 

0.144 

185.9 

0.15 

OCV INLET 

1725.1 

412.4 

47.0 

185.9 

15.49 

OCV EXIT 

1207.4 

591.5 

47.0 

185.9 

11.27 

CHAMBER INJ 

1195.5 

390.9 

47.0 

185.9 

11.17 

CHAMBER 

1075.9 






■ 

VALVE DATA • 



VALVE 

DELTA P 

AREA 

FLOM 

X BYPASS 


OTBV 

2538. 

0.03 

3.02 

5.00 


TBV 

483. 

0.04 

0.54 

5.00 


FSOV 

30. 

3.84 

11.14 



OBTV 

2495. 

0.04 

4.71 



ocrv 

518. 

1.12 

44.98 




• 

INJECTOR 

DATA ■ 



INJECTOR 

DELTA P 

AREA 

FLOM 

VELOCITY 


FUEL 

BO. 

2.44 

11.14 

1034.90 


LOX 

120. 

2.74 

44.98 

300.13 
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TABLE 22. — DUAL-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• TURBOMACHINERV PERFORHWCE DATA « 


■ H2 BOOST TURBINE ■ 


• K2 BOOST PUMP • 


EFFICIENCY 

(T/T) 

0.836 

EFFICIENCY 

(T/S) 

0.4A3 

SPEED 

(RPM) 

53632. 

MEAN DIA 

(IN) 

1.76 

EFF AREA 

(1N2) 

4.39 

U/C (ACTUAL) 

0.530 

MAX TIP SPEED 

373. 

STAGES 


1 

GAMMA 


1.37 

PRESS RATIO 

(T/T) 

1.02 

PRESS RATIO 

(T/S) 

1.03 

HORSEPOWER 


71 . 

EXIT MACH NUMBER 

0.13 

SPECIFIC SPEED 

150.00 

SPECIFIC DIAMETER 

0.52 


EFFICIENCY 

0.766 

WIRSEPOHER 

71. 

SPEED (RPM) 

53632. 

S SPEED 

3051 . 

►CAD (FT) 

2684. 

DIA. (IN) 

2.98 

TIP SPEED 

438. 

VOL. FLOW 

1144. 

►CAD COEF 

0.450 

FLOW COEF 

0.201 


» M2 TURBINE • 


■ H2 PUMP » 


STAGE ONE 


stage TNO 


EFFICIENCY 

(T/T) 

0.884 

EFFICIENCY 

(T/S) 

0.799 

SPEED 

(RPM) 

107143 . 

HORSEPOWER 


1793. 

►CAN DIA, 

(IN) 

2.89 

EFF AREA 

(IN2) 

0.83 

U/C (ACTUAL) 

0.553 

►tftX TIP SPEED 

1488. 

STAGES 


1 

GAMMA 


1.37 

PRESS RATIO 

(T/T) 

1 .46 

PRESS RATIO 

(T/S) 

1.53 

EXIT MACH NUMBER 

0.23 

SPECIFIC SPEED 

67.54 

SPECIFIC DIAMETER 

1.23 


efficiency 

0.760 

MORSEPOhCR 

895. 

SPEED (RPM) 

107143. 

SS SPEED 

11948. 

S SPEED 

1446. 

HEAD (FT) 

35431. 

DIA. (IN) 

3.22 

TIP SPEED 

1508. 

VOL. FLtt< 

1U3. 

MEAD COEF 

0.473 

FLOW COEF 

0.136 

DIAMETER RATIO 

0.471 

BEARING DN 

5.00E«06 

SHAFT DIAICTER 

28.00 


0.75* 

8 * 8 . 

107U5. 

142 *. 

S5C85. 

J.22 

1508. 

1090. 

0.474 


■ 02 BOOST TURBINE ■ 


EFFICIENCY (T/T) 0.855 
EFFICIENCY (T/SJ 0.810 
SPEED (RPM) 9023. 
^AN 01 A (IN) 6.SA 
EFF AREA ( IN2 ) 0.51 
U/C (ACTUAL) 0.553 
MAX TIP SPEED 260. 
STAGES 1 
gamma 1.95 
PRESS RATIO (T/T) 1 .01 
PRESS RATIO (T/S) I. 01 
HORSEPOHER 39. 
EXIT MACH NUMBER 0.02 
SPECIFIC SPEED 37.AA 
SPECIFIC DIAMETER 2.12 


> 02 BOOST PU^ m 


EFFICIENCY 

0.764 

►CRSCPOWER 

39. 

SPEED (RPH) 

9023. 

S SPEED 

3026. 

►CAD (FTl 

242. 

DIA. (IN) 

5.34 

TIP SPEED 

132. 

VOL. FLOW 

423. 

►CAD COEF 

0.450 

FLOW COEF 

0.200 


» 02 TURBINE ■ 


EFFICIENCY 

(T/T) 

0.88 7 

EFFICIENCY 

(T/S) 

0,7 74 

SPEED 

(RPM) 

66685. 

HORSEPOWER 


1463. 

MEAN DIA 

. (IN) 

1 .80 

EFF AREA 

( IN2) 

0.48 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

598. 

STAGES 


1 

GAMMA 


1.95 

PRESS RATIO 

(T/T) 

2.16 

PRESS RATIO 

(T/S) 

2.49 

EXIT MACH NUMBER 

0.36 

SPECIFIC SPEED 

83.50 

SPECIFIC DIAMETER 

1.02 


■ 02 PUMP ■ 


EFFICIENCY 

0.751 

►CRSEPOWER 

1463. 

SPEED (RPH) 

46685. 

SS SPEED 

268 1 0. 

S SPEED 

1476. 

►CAD (FT) 

8996. 

DIA. (IN) 

2.71 

TIP SPEED 

790. 

VOL. FLOW 

418. 

►€AO COEF 

0.464 

flow COEF 

0. 138 

D1A»CTER RATIO 

0.472 

BEARI)4G DN 

1 .47E*06 

SHAFT diameter 

22.00 
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TABLE 23. — DUAL-EXPANDER ENGINE — 50,000 

TUBE CHAMBER) 

ENG1^€ PERFORKAMCE PARAMETERS 


CHAMBER PRESSURE 
VAC ENGINE THRUST 
TOTAL ENGINE FLOW RATE 
del. vac. ISP 
THROAT AREA 
nozzle area RATIO 
nozzle exit DIAMETER 
ENGINE mXTI«E RATIO 
ETA C*» 

CHAMBER COOLANT DP 
CHAMBER COOLANT DT 
nozzle COOLANT DP 
nozzle COOLANT DT 
CHAMBER Q (HYDROGEN COOLED) 
nozzle 0 (OXYGEN COOLED) 


1042.4 

SOOOO. 

104.20 

479.8 

25.17 

1000.0 

172.52 

4.00 

0.995 

245. 

294- 

245. 

504. 

14848. 

10504. 


ENGINE STATION CO^OITIONS 


conditions » 

FLOW ENTHALPY 
14.92 -107.5 
14.92 -105.0 


STATION 
B.P. INLET 
B.P. EXIT 
PIMP INLET 
1ST STAGE EXIT 
POMP EXIT 
COOLANT IftET 
COOLANT EXIT 
TBV inlet 
TBV EXIT 
K2 TRB I^AXT 
H2 TRB EXIT 
M2 TRB DIFFUSER 
K2 BST TRB IN 
M2 BST TRB OUT 
K2 BST TRB DIFF 
H2 tank press 
FSOV IW-ET 
FSOV EXIT 
04AMBER IHJ 

chamber 


» FUEL SYSTEM 


PRESS 

TEMP 

18.4 

57.4 

100.8 

58.5 

100.8 

38.5 

1095.9 

49.2 

2115.5 

59.4 

2092.4 

59.8 

1849,0 

555-5 

1850.5 

555.5 

1142.0 

554.4 

1850.5 

555.5 

1252.7 

528.3 

1207. B 

$28-3 

1195.7 

528.5 

1175.1 

527.2 

1142.0 

527.2 

18.4 

528.4 

1142.0 

528.4 

1155.0 

528-7 

1121.4 

528.7 

1042.4 



14.92 

-105.0 

14.92 

-49.8 

14.92 

5.8 

14-92 

5.8 

14.92 

1154.2 

0.75 

1154.2 

0.75 

1154.2 

14.18 

1134. 2 

14.18 

1021.8 

14.18 

1021.8 

14.18 

1021-8 

14.18 

1017.0 

14.18 

1017.0 

0.0544 

1022-9 

14.89 

1022-9 

14.89 

1022.9 

14.89 

1022.9 


STATION 
B.P. INLET 
B.P. EXIT 
PIMP INLET 
PIR^ EXIT 
COOLANT IW.ET 
COOLANT EXIT 
OTBV INLET 
OTBV EXIT 
02 TRB INLET 
02 TRB EXIT 
oe TRB DIFFUSER 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
OBTV INLET 
OBTV EXIT 
MIXER 

02 TANK PRESS 
OCV INLET 
OCV EXIT 
CHAMBER INJ 
OIAHBER 


n OXYGEN SYSTEM 


PRESS 

TEMP 

14.0 

142.7 

155.4 

143.2 

155.4 

145.2 

4813.4 

183.9 

4745.5 

184.2 

4502.5 

489.7 

4502.5 

489.7 

1759.5 

459.8 

4502.5 

489.7 

1944.5 

594.8 

1759.5 

587.8 

4502.5 

489.7 

4458.1 

477.5 

4454.4 

477.5 

4454.4 

477.5 

1759.5 

427.5 

1759.3 

595.8 

14.0 

279-4 

1471.4 

590.5 

1149,9 

548.2 

1158.2 

547.4 

1042.4 



COOITIONS » 


FLOW 

ENTHALPY 

89.5 

41.1 

89.5 

41 .5 

89.5 

41.5 

89.5 

77,5 

89.5 

77.5 

89.5 

194.4 

4.0 

194.4 

4.0 

194.4 

74.5 

194.4 

74.5 

174.1 

74.5 

174.1 

9.0 

194.4 

9.0 

190.5 

9.0 

190.5 

9.0 

190-5 

9.0 

190.5 

89.5 

178.4 

0.217 

178.4 

89.3 

178.4 

89.5 

178-4 

89.5 

178.4 


■ VALVE DATA • 


VALVE 

OTBV 

TBV 

FSOV 

OBTV 

OCV 


INJECTOR 

FUEL 

LOX 


DELTA P 

AREA 

FLOW 

X BYPASS 

2745. 

0.03 

4.05 

5.00 

448. 

0.04 

0.75 

5.00 

29. 

5,14 

14.89 


2497. 

0.07 

8.95 


501 . 

1 .45 

89.51 


• 

injector 

DATA • 


DELTA P 

AREA 

FL» 

VELOCITY 

79. 

5,24 

14.89 

1012.57 

U4. 

3.54 

89.51 

282.09 


LBF THRUST (COPPER 


DENSITY 
4.57 
4.59 
4.59 
4.52 
4.42 
4.41 
0.89 
0.88 
0.58 
0 .88 
0.47 
0.45 
0.45 
0.44 
0.45 
0.0107 
0.45 
0.41 
0.41 


DENSITY 

71.17 
71.20 

71.20 

72.17 
72.10 
28.70 
28.70 
14.02 
28.70 
19.87 

18.21 
28.70 

29.58 
29.57 
29.57 
14.78 

17.59 
0.17 

14.85 

12.15 

12.22 
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TABLE 23. — DUAL-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

TUBE CHAMBER) (CONTINUED) 


• TURBOHACHINERY PERFORMANCE DATA • 


■ H2 BOOST TlRBINE ■ 


■ H2 BOOST PUMP ■ 


EFFICIENCY (T/T) 0.8«» 
EFFICIENCY (T/S) 0.AS8 
SPEED IRPH) 2»20J. 
mean DIA (IN) 2.02 
EFF area (IM2) 5. A* 
U/C (ACTUAL) 0.52A 
MAX TIP SPEED 570. 
stages 1 

GAMMA I -AO 
PRESS RATIO (T/7) 1.02 
PRESS RATIO IT/S) 1 -05 
HORSEPOMER »*• 
EXIT MACH NUMBER 0.15 
SPECIFIC SPEED ISO. 00 
SPECIFIC DIAMETER 0-S2 


» M2 TURBINE ■ 


EFFICIENCY 

(T/T) 

0.893 

EFFICIENCY 

(T/S) 

0.794 

SPEED 

(RPH) 

100000. 

HORSEPOWER 


2254. 

mean DIA. 

(IN) 

5.00 

EFF AREA 

(IK2) 

1.10 

U/C (ACTUAL) 

0.555 

MAX TIP SPEED 

1444. 

stages 


1 

GAMMA 


1.40 

PRESS RATIO 

(T/T) 

1.44 

PRESS RATIO 

(T/S) 

1.53 

EXIT MACH number 

0.25 

SPECIFIC SPEED 

74.45 

SPECIFIC DIAMETER 

1.15 


K 02 BOOST TtKBDC ■ 


EFFICIENCY (T/T) 

0.857 

EFFICIEKCY (T/S) 

0.815 

SPEED (RPM) 

7813. 

MEAN DIA (IN) 

7.32 

EFF AREA (IN2) 

0.39 

U/C (ACTUAL) 

0.555 

MAX TIP SPEED 

240. 

STAGES 

1 

GAMMA 

1.98 

PRESS RATIO IT/T) 

1.01 

PRESS RATIO (T/S) 

1.0) 

HORSEPOWER 

52. 

EXIT MACH NUMBER 

0.02 

SPECIFIC SPEED 

54.25 

SPECIFIC DIAMETER 

2.19 


» 02 TURBINE • 


EFFICIENCY 

(T/T) 

0.895 

EFFICIENCY 

(T/S) 

0.784 

SPEED 

(RPM) 

58298. 

HORSEPOWER 


2005. 

MEAN DIA 

( IN) 

2.09 

EFF AREA 

(1N2) 

0.40 

U/C (ACTUAL) 

0.555 

MAX TIP SPEED 

405. 

STAGES 


1 

GAMMA 


1.98 

PRESS RATIO 

(T/T) 

2.29 

PRESS RATIO 

(T/S) 

2.44 

EXIT MACH NUMBER 

0.34 

SPECIFIC SPEED 

81.47 

SPECIFIC DIAMETER 

1.04 


EFFICIEICY 

0.745 

HORSEPOWER 

94. 

SPEED (RPM) 

29205. 

S SPEED 

5044. 

HEAD (FT ) 

2700. 

DIA. (IN) 

5.45 

TIP SPEED 

439. 

VOL. FLOW 

1524. 

HEAD COEF 

0.450 

FLOW COEF 

0.201 


■ « PUMP ■ 


STAGE ONE STAGE TNO 


EFFICIENCY 

0.771 

HORSEPOWER 

1125. 

SPEED (RPM) 

100000. 

SS SPEED 

12825. 

S SPEED 

1412. 

HEAD (FT) 

31954. 

DIA. (IN) 

5.44 

TIP SPEED 

1501. 

VOL. FLOW 

1483. 

HEAD COEF 

0.454 

FLOW COEF 

0.144 

DIAMETER RATIO 

0.505 

BEARING DN 

3.00E«04 

SHAFT DIAMETER 

50.00 


0.770 

1151. 

100000. 

1S88. 
52105. 
5.44 
ISOl . 
14S0. 
0.4S8 


« 02 BOOST PUMP » 


EFFICIENCY 

0.744 

HORSEPOWER 

52. 

SPEED (RPM ) 

7813. 

S SPEED 

5024. 

HEAD (FT) 

242. 

DIA. (IN) 

3.85 

TIP SPEED 

152. 

VOL. FLOW 

544. 

HEAD COEF 

0.450 

FLOW COEF 

0.200 


•* 02 PUMP * 


EFFICIENCY 

0.758 

HORSEPOICR 

2005. 

SPEED (RPM) 

58298. 

SS SPEED 

27047. 

S SPEED 

1449. 

HEAD (FT ) 

9350. 

DIA. (IN) 

5.14 

TIP SPEED 

799. 

VOL. FLOW 

557. 

HEAD COEF 

0.470 

FLOW COEF 

0.134 

DIAHETER RATIO 

0.471 

BEARING DN 

I .40E*04 

SHAFT DIAMETER 

24.00 


141 



TABLE 24. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 7500 LBF THRUST (COPPER TUBE CHAMBER) 


ENGINE PERFORHANCE PARAJ1ETERS 


chamber PRESSIAE 

1941.5 

VAC ENGINE T»«UST 

7500. 

TOTAL ENCIrC FLOW RATE 

15.62 

DEL. VAC. ISP 

480.1 

THROAT AREA 

1.89 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIA»tTER 

49.07 

ENC1>C MIXTUtE RATIO 

6.00 

ETA C« 

0.993 

CHAMBER COOLANT DP 

1386. 

chamber COOLANT DT 

796. 

NOZZLE/CHAMBCR 0 

6383 . 


ENG1»C STATION CONOITtONS 


• FUEL SYSTEX CONDITIONS • 


STATION 

PRESS 

TEW» 

FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

IB. 6 

37.4 

2.23 

-107.5 

4.37 

B.P, EXIT 

100.6 

38.5 

2.23 

-103.0 

4.39 

INLET 

100.6 

38.5 

2.23 

-103.0 

4.39 

1ST stage exit 

2202.9 

78.4 

2.23 

58.1 

4.15 

2ND STAGE EXIT 

4183.0 

114.8 

2.23 

210.1 

4.11 

PUMP EXIT 

608S.6 

147.1 

2.23 

354.6 

4.15 

COLD REGEN IN 

6024.8 

147.6 

2.23 

354.6 

4.13 

COLO REGEN EX 

5964.5 

569.0 

2.23 

1247.9 

2.24 

COOLANT INLET 

5964.5 

369.0 

2.23 

1247.9 

2.24 

COOLANT EXIT 

4578.7 

1165.3 

2.23 

4105.7 

0.67 

TBV inlet 

4532.9 

1165.6 

0.11 

4105.7 

0.67 

TBV EXIT 

2241.0 

1182. 1 

0.11 

4105.7 

0.34 

02 TRB INLET 

4512.9 

1165.6 

2.12 

4105.7 

0.67 

02 TRB EXIT 

4200.2 

1148.1 

2.12 

4035.8 

0.65 

H2 TRB INLET 

4200.2 

1148.1 

2.12 

4035.8 

0.63 

H2 TRB EXIT 

2361.2 

1023.6 

2.12 

3553.8 . 

0.41 

H2 TRB DIFFUSER 

2535.7 

1023.8 

2. 12 

3555.8 

0.41 

H2 BST TRB IN 

2312.4 

1023.8 

2.12 

3553.8 

0.41 

K2 BST TRB OUT 

2298.6 

1022.7 

2.12 

3549.0 

0.40 

H2 BST TRB DIFF 

2283.7 

1022.8 

2.12 

3549.0 

0.40 

02 BST TRB IN 

2260.8 

1023.0 

2.12 

3549.0 

0.39 

02 BST TRB OUT 

2253.6 

1022.3 

2.12 

3546.5 

0.39 

02 BST TRB DIFF 

22S2.2 

1022.3 

2.12 

3546.5 

0.39 

K2 TANK PRESS 

18.6 

1046.2 

0.0017 

3574.4 

0.0033 

GOX HEAT EXCH IN 

2241.0 

1030.4 

2.23 

3574.4 

0.39 

GOX HEAT EXCH OUT 

2229.8 

1030.1 

2.23 

3573.1 

0.39 

NOT REGEN IN 

2229.8 

1038.1 

2.23 

3573.1 

0.39 

HOT REGEN EX 

2162.9 

775.9 

2.23 

2679.1 

0.49 

FSOV INLET 

2162.9 

775.9 

2.23 

2679.1 

0.49 

FSOV EXIT 

2108.8 

776.2 

2.23 

2679.1 

0.48 

CHAMBER INJ 

2086.8 

776.4 

2.23 

2679.1 

0.47 

chamber 

1941.3 







■ OXYGEN SYSTEM 

CONDITIONS 

» 


STATION 

PRESS 

TE>9> 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

13.4 

61.1 

71.17 

B.P. EXIT 

135.6 

163.2 

13.4 

61.5 

71.20 

PUMP INLET 

135.6 

163.2 

13.4 

61.5 

71.20 

PUMP EXIT 

3143.9 

178.8 

13.4 

72.5 

71.53 

02 tank press 

16.0 

400.0 

0.023 

204.7 

0.12 

ocv inlet 

3112.5 

179.0 

13.4 

72.5 

71.48 

OCV EXIT 

2178.7 

182.6 

13.4 

72.5 

70.04 

CHAMBER ZNJ 
CHAMBER 

2135.4 
1941. 3 

182.8 

15.4 

72.5 

69.97 


VALVE 

m 

DELTA P 

VALVE DATA 
AREA 

■ 

FLOM 

X BYPASS 

TBV 

2292. 

0.01 

o.n 

5.00 

FSOV 

54. 

0.64 

2.23 


OCV 

934. 

0.08 

13.39 



INJECTOR 

delta p 

INJECTOR 

AREA 

DATA » 

FLOW 

VELOCITY 

FUEL 

146. 

0.44 

2.23 

1558.24 

LOX 

216. 

0.17 

13.39 

160.52 
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TABLE 24. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
- 7500 LBF THRUST (COPPER TUBE CHAMBER) (CONTINUED) 


• TIAIOHACHInCRV ^CKFORKAMCC fl 


• M7 KX»T TURBt>C ■ 


• K? BOOST • 


CF^ICIOCV IT/T) o.n» 

CFTICIEMCV (T/S) B.322 

3«£D (»PH) 7SSM. 

rOM OIA (IN) B.Bi 

ETf MtCA riN2) 1. 32 

tt'C (ACTUAL) 0.SA5 

»AW( TIP »CED *0*. 

SIACCB I 

C^mA l.JS 

M»£M BATIO (T/T) l .pi 

Pt£SS RATIO (T/S) J .p) 

HORSC^CICR 1«. 

EXIT NACH NUMBCR 0.10 

SPECIFIC SPEED ISO.OB 

SPECIFIC DIANCTER 0.4B 


EFFICrOOr I.TiS 

WPSCPOO 14. 

SPEED (RPM) 2SSM. 

$ SPCO XMB . 

ICAO (FT) 24»S. 

OIA. (IM) I.S3 

TIP SPEO 43E. 

VOL. FUBI 

MEAD Cffl& 0.4S0 

FL(»< COEF B.2B1 


• K2 TMBINE • 


■■••••■■•■a 
• »0 PlBC ■ 


STA« (»C STAfiC T»€) stage T>«EI 


EFFICIE7CV (T/T) 0.7»7 

EFFICIE7CV CT/S) 0.77P 
SPEED (RPN) 1B7SOO. 


ICRSEPttCR 1447. 

ICAN DU. UNI 1.77 

EFT AREA U*C) 0.12 

U/C (ACTUAL) O.SU 

tva TIP SPEED 1545. 

stages ] 

1.35 

PRESS RATIO IT/TJ 1 . 7B 

PRESS RATIO (T/S) 1 .BO 

EXIT KACH NUMBER 0.13 

SPECIFIC SPEED 49.44 

SPECIFIC DIA/CTER 1.44 


EFFICIOCY 0.573 

MORSEPOICR 509. 

SPEED (Rpm IB7500. 

SS SPEED 9319. 

S SPEED 444. 

►Cad (FT) 7I*TI. 

DU. UN) 7.55 

TIP SPEED 2091. 

VOL. FLGN 242. 

ICAD COEF I.521 

FLOW COEF 0.0B7 

DIAMETER RATIO 0.2a« 

BEARItC BN 3.0«E>0« 

SHAFT DIAICTER U.OO 


»S«3 0.509 

••I. 457. 

IB7500. 1B7S00. 

4«7. 705- 

OTOFI. 4*271. 

i.SS 2.55 

20E2. 2092. 

2AA. 2*1. 

• 50B 0.4B7 


• Q2 BOOST TURBINE i 


02 BOOST PiRT • 


CFFICICHCV (T/T) P.BOB 
OFFICICMCV (T/S) 0.413 
SPEED (RPH) 201B4. 
ICAN DU UN) 2.25 
CFF AREA (1N2) |.B4 
U/C (ACTUAL) 0.553 
»«AX TIP SPEED 243. 

stages 1 

I.S5 

PRESS RATIO IT/T) 1 . OB 
PRESS RATIO (T/S) 1.00 
lOtSEPOICR t. 
EXIT MACH NUMBER 0.03 
SPECIFIC SPEED 10B.41 
SPECIFIC DIAMETER 0.74 


CFFICIDCV 0.744 

MORSEPCBCR B. 

SPEED (RPM) 2B1B4. 

S SPEED 3024. 

HEAD IFT) 242. 

DU. UN) 1.49 

TIP SPEED 1S2. 

VOL, PUH *5- 

ICAD COCF 0.450 

FLON COEF 0.2M 


> 02 TlABlNE • 


EFFICIENCY (T/T) D.OOO 
EFFICIENCY (T/S) 0.749 

SPEED (RPM) 132977. 


HORSEPOCR 210. 

I«AN DU UN) 1.77 

EFF area UN2) 0.21 

U/C (ACTUAL) 0.549 

RAR TIP SPEED 1107. 

stages 1 

C^mA 1.55 

PRESS RATIO (T/T) ) . OB 

PRESS RATIO (T/S) 1.09 

EXIT NACM NUMBER 0.09 

SPECIFIC SPEED 52.05 

SPECIFIC OlAICTER |.4B 


EFFICIOCY 
HORSEPfXCR 
SPEED (RPM ) 
SS SPEED 
S SPEED 
ICAO (FT) 

DU. UN) 

TIP SPEO 
VOL. FL(Bl 
ICAD COCF 
FLOM COCF 
OIAMCTO RATIO 
BEARING m 
SHAFT DIAFCTER 


B. 703 
210 . 
132977. 
230 9 9. 
1777. 
4055. 
1.19 


0.411 
B. 152 
0.479 
1.40EU4 
12.00 


RECCICRATtXI DATA 


DdP 
DELT 
AREA 
FLOM 
effect 1 VE>C S3 
NTU 
CRATIO 
OIN 
RECEN 0 


MOT SIDE 
44.09 

-254.15 
0.45 
2.23 

0.23 
0.41 
0.07 
7.05 
1995. 14 


COLD SIDE 
40.25 
221.44 
0.14 
2.23 
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TABLE 25. 


FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
15,000 LBF THRUST (COPPER TUBE CHAMBER) 


ENGINE performance PARAMETERS 


CHAMBER PRESSURE 

1844.7 

VAC ENGINE TI«UST 

15000. 

TOTAL ENGI>C FLOM RATE 

51.25 

del. vac. ISP 

4B0. 1 

THROAT AREA 

5.96 

NOZZLE AREA RATIO 

1000.0 

nozzle exit diameter 

71 . la 

ENGH« MIXTURE RATIO 

4.00 

ETA C> 

0.995 

CHAMBER COOLANT DP 

901. 

CHAMBER COOLANT DT 

599. 

NOZZLE /CHAMBER Q 

9975. 


ENGIKC STATION CONDITIONS 


» FUEL SYSTEM CO»«)ITIONS • 


STATION 

PRESS 

TE76» 

B.P. inlet 

18.4 

37.4 

B.P. EXIT 

100.8 

38.5 

PIP^ INLET 

100.8 

58.5 

1ST stage exit 

Z02I .5 

48.9 

2ND stage exit 

3897.4 

97.5 

PU>6> EXIT 

5744.8 

124.4 

COLO REGEN IN 

548 7.3 

124.8 

COLO REGEH EX 

5430.4 

288.0 

COOLANT I>R.ET 

5450.4 

288.0 

COOLANT EXIT 

4729.4 

887.5 

TBV INLET 

4482.1 

B87.8 

TBV EXIT 

2128.1 

905.0 

02 TRB INLET 

4482.1 

887. B 

02 TRB EXIT 

4278.4 

872.5 

M2 TRB INLET 

4278.4 

872.5 

M2 TRB EXIT 

2258.7 

775.5 

K2 TRB DIFFUSER 

2224.4 

773-7 

H2 BST TRB IN 

2204.1 

775.7 

K2 BST TRB OUT 

2185.4 

772.4 

K2 BST TRB DIFF 

2170.8 

772.7 

02 BST TRB IN 

2149.1 

772.8 

02 BST TRB OtFT 

2140.3 

772.2 

02 BST TRB DIFF 

2138.8 

772.2 

H2 TANK PRESS 

18.4 

791.8 

GOX HEAT EXCH IN 

2128.1 

778.9 

GOX HEAT EXOt OUT 

2117.5 

778.4 

HOT REGEH IN 

2117.5 

778.4 

HOT REGEN EX 

2054.0 

401.9 

FSOV INLET 

2054.0 

401.9 

FSOV EXIT 

2002.4 

402.1 

CHAMBER INJ 

1982.7 

402.2 

CHAMBER 

1844.7 



FLOW 

enthalpy 

DENSITY 

4.47 

-107-5 

4.57 

4.47 

-105.0 

4.59 

4.47 

-105.0 

4.59 

4.47 

24.5 

4.55 

4.47 

152.4 

4.35 

4.47 

274.9 

4.40 

4.47 

274.9 

4.58 

4.47 

902.1 

2.40 

4.47 

902. 1 

2.40 

4.47 

3154-4 

0.89 

0.22 

3 1 54 . 4 

0 .88 

0.22 

3154.4 

0.42 

4.24 

5154.4 

0.88 

4.24 

5070.4 

0 .82 

4.24 

5070.4 

0.82 

4-24 

2472.8 

0.51 

4.24 

2 4 72.8 

0.51 

4-24 

2 4 72.8 

0.51 

4.24 

2448.0 

0.50 

4.24 

2448.0 

0.50 

4.24 

2 4 48.0 

0.49 

4.24 

2445.4 

0.49 

4.24 

2445.4 

0.49 

0.0045 

2488.9 

0.0044 

4.44 

2488.9 

0.48 

4.44 

2487.5 

0.48 

4.44 

2487.5 

0.48 

4.44 

2059.7 

0.40 

4.44 

2059.7 

0.40 

4.44 

2059.7 

0.58 

4.44 

2059.7 

0.58 


STATION 
B.P. INLET 
B,P- EXIT 
INLET 
PUMP EXIT 

02 TANK PRESS 
OCV INLET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


injector 

FUEL 

LOX 


m OXYGEN SYSTEM CONDITIONS ■ 


PRESS 

TE>6» 

FLOM 

14.0 

142,7 

24.8 

135.4 

143.2 

24.8 

155.4 

143.2 

24.8 

2987.5 

177.0 

24.8 

14.0 

400.0 

0.045 

2957.7 

177-2 

24.8 

2070.4 

180.4 

24.8 

2029.2 

180.8 

24.8 

1844.7 





• valve data 

■ 

DELTA P 

AREA 

FLOM 

2554. 

0.01 

0.22 

51. 

1.18 

4.44 

88 7. 

0.14 

24.78 


■ 

INJECTOR 

DATA • 

DELTA P 

AREA 

FLOM 

158. 

0.82 

4.44 

205. 

0.55 

24.78 


enthalpy 

DENSITY 

41 . 1 

71.17 

41.5 

71 .20 

41.5 

71.20 

71.4 

71.47 

204.7 

0.12 

71.4 

71.42 

71.4 

70.25 

71.4 

70.18 


X BYPASS 

s.oo 


VELOCITY 
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TABLE 25. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
- 15,000 LBF THRUST (COPPER TUBE CHAMBER) (CONTINUED) 


> turbohachincmv pekfovmamcc data • 


• H2 8O0ST TUR8INC « 

■ M2 BOOST 

FIO^ • 

EFTICIEMCV CT/T) 

0.734 

EFFICIOCV 

B.74S 

EFFICIENCY n/S) 

D.SSO 

HORSEraCR 

20. 

SFEED (RFM) 

S3574. 

SFEED IBFM) 

SSS74. 

*CAN OlA (IN) 

1.14 

S SFEED 

SMS. 

CFF AREA (1N2) 

2.02 

>€AD (FT) 

27M. 

U/C (ACTUAL) 

O.SS3 

DIA. ON) 

I.BO 

MAX TIF SFEED 

S07. 

TIF SFtlD 

430. 

STAGES 

1 

WL. FLH 

4S7. 

CAmA 

1.41 

>CAD a» 

• .4St 

FKESS RATIO (T/T) 

1 .01 

FLOM COEF 

B.2BI 

FItCSS RATIO (T/S) 

1 .02 



MOMSCFCMER 

20. 



EXIT MACH NUMBER 

0.10 



SFECIFIC SFEED 

147. SB 



SFECIFIC DIAMETER 

O.Sl 




> K2 TURBDC > 



• m Ftm 

" 






STAGE (»C 

STAGE TMO 

STAGE T)«EE 





•••••■■■« 



EFFICIENCY 

(T/T) 

0.704 

EFFICIOCV 

8.411 

8.4SS 

8.437 

EFFICIENCY 

(T/S) 

0.77S 

MORSEFOMD 

818. 

707. 

774. 

SFEED 

(RFH) 

134343. 

SFEED (RFM) 

134341. 

134343. 

134343. 

HORSEFCMER 


2SB0. 

SS SFEED 

0S48. 



ICAN D1A. 

(IN) 

2.44 

S SFEED 

731. 

743. 

7S2. 

EFF AREA 

(1N2) 

0.21 

(CAD (FT) 

43S«2. 

42230. 

4B741. 

U/C (ACTUAL) 

0.444 

DtA. (IN) 

1.27 

3.27 

3.27 

MAX TIF SFEED 

1S40. 

TIF SFEED 

1040. 

1040. 

1040. 

stages 


2 

VOL. FL(M 

443. 

441. 

4SS. 

CAmA 


1 .41 

ICAO CDCF 

8.SS0 

8.S27 

8. SIS 

FRESS RATIO 

(T/T) 

1.80 

FLOM COEF 

8.802 



FRESS RATIO 

(T/S) 

1.03 

DIAfCTER RATIO 

8.311 



EXIT MACH NtFISER 

0. 14 

BEARING m 

S.80C*84 



SFECIFIC SFEED 

38.41 

SHAFT DIAMETER 

22. M 



SFECIFIC DIAMETER 

1.40 






• 02 MOST TUtBI^C ■ *02 lOOST PUIT ■ 


EFFICIOCV (T/T) 

0.B24 

EFFICIOCV 

8.744 

EFFICIENCY (T/S) 

0.474 

TORSEFOWB 

IS. 

SFEED (RFM) 

14272. 

SFEED IBFMl 

14272. 

WAN DIA (IN) 

3. IB 

S SFEED 

3824. 

EFF AREA (IN21 

2.07 

WAD (FT) 

242. 

U/C (ACTUAL) 

0.SS3 

DIA. (IMl 

2.11 

MAX TIF SFEED 

237. 

TIF SFEED 

132. 

STAGES 

1 

ML. nm 

140. 

gamma 

1.41 

WAD cacF 

8.4S8 

FRESS RATIO (T/T) 

1.00 

RJOM CXKF 

8.288 

FRESS RATIO (T/S) 

1.01 



HORSEFOWR 

IS. 



EXIT MACH NUMBER 

t.OI 



SFECIFIC SFEED 

101.42 



SFECIFIC OIAWTER 

0.B2 



■ 02 TURBINE • 


• CS FUW ■ 







CFFICIEMCY (T/TJ 

0 .820 

EFFICIEOCY 

8.720 

EFFICIENCY (T/S) 

0.747 

►CRSCFtRCR 

383. 

SFEED (RPH) 

0 1 028 . 

SFEED (RFM) 

01828. 

HORSCFOmER 

sas . 

SS SFEED 

2S1S4. 

WAN DIA ( IN) 

2.44 

S SFEED 

1702. 

CFF AREA (1H2I 

0.33 

WAD (FT) 

S720. 

U/C (ACTUAL) 

0.S47 

DIA. (IN) 

1.47 

MAX TIF SFEED 

)043. 

TIF SFEED 

443. 

STAGES 

1 

VOL. FLOt 

148. 

GAMMA 

1.41 

WAD a» 

8.428 

FRESS RATIO (T/T) 

1.00 

FLOM C09 

8.1S1 

FRESS RATIO (T/S) 

1.10 

OIAWTCR RATIO 

8.4B8 

EXIT MACH number 

0.00 

BEARING m 1 

.44C*84 

SFECIFIC SFEED 

48.17 

SMAFT DIAMETER 

14.88 

SFECIFIC DIAMETER 

1.43 




RECEKCRATOM DATA 


COLD SIDE 
DCLA S(.n 

DELT US.U 

MtCA 0 . SO 

FLCM 4. A? 

EFFECT I VEKCSS 
KTU 
CAATIO 
CMIN 
RCCEM 0 


HOT SIDE 
43. S2 
>174.40 
1.10 

4.44 

0.27 

O.S« 

0.02 

IS. 04 
2802.44 
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TABLE 26. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 25,000 LBF THRUST (COPPER TUBE CHAMBER) 


EHCI)C PERFORHAMCE PAR ALTERS 


CHAMBER PRESSURE 1 784. A 
VAC EMGlhC THRUST 25000. 
TOTAL EMCI« FLOW RATE 52.08 
del. vac. ISP 480.0 
THROAT AREA * 

nozzle area ratio 1000. 0 

NOZZLE EKIT diameter 95-38 
ENGINE MIXTURE RATIO 4.00 
ETA C*» 0.995 
CHAMBER COOLANT DP 851. 
CHAMBER COOLANT DT ^80. 
nozzle/chamber 0 13441. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

B.P. INLET 

18.4 

57.4 

B.P. EXIT 

101.2 

58.5 

PUMP I«-ET 

101.2 

58.5 

1ST STAGE EXIT 

1817. 1 

40.7 

2ND STAGE EXIT 

5543.5 

81,9 

PUMP EXIT 

5281.9 

102.4 

COLD RECEN IN 

5229.1 

102.9 

COLD RE GEN EX 

5174.8 

255.0 

COOLANT IV4-ET 

5174.8 

253.0 

COOLANT EXIT 

4544.0 

755.1 

TBV INLET 

4502.4 

755.4 

TBV EXIT 

2042.2 

747.5 

02 TRB inlet 

4502.4 

755.4 

02 TRB EXIT 

5897.1 

719.1 

H2 TRB I^CET 

3897.1 

719.1 

M2 TRB EXIT 

2194.4 

459.5 

M2 TRB DIFFUSER 

2159.5 

459.5 

M2 BST TRB IN 

2157.9 

439.5 

M2 BST TRB OUT 

2118.2 

458.4 

M2 BST TRB DIFF 

2104.8 

438.4 

02 BST TRB IN 

2085.8 

438.4 

02 BST TRB OUT 

2074.1 

437.9 

02 BST TRB DIFF 

2072.4 

437.9 

H2 tank press 

18.4 

454.5 

GOX HEAT EXCH IN 

2042.2 

443.4 

GOX MEAT EXCH OUT 

2051.9 

443.1 

hot RECEN IN 

2051.9 

443.1 

MOT REGEN EX 

1990.4 

493.1 

FSOV INLET 

1990.4 

493.1 

FSOV EXIT 

1940.4 

493.3 

CHAMBER INJ 

1921.0 

493.5 

CHAMBER 

1784.4 



FLOM 

ENTHALPY 

DENSITY 

7.45 

-107.5 

4.57 

7.45 

-105.0 

4.59 

7.45 

-105.0 

4.39 

7.45 

-1.1 

4.48 

7.45 

100.0 

4.56 

7.45 

200.0 

4.64 

7.45 

200.0 

4.62 

7.45 

745.0 

2.71 

7. 45 

745.0 

2.71 

7.45 

2576.3 

0.98 

0.37 

2576,5 

0.97 

0.37 

2576.5 

0.49 

7.08 

2576.5 

0.97 

7.08 

2516.2 

0.91 

7.08 

2516.2 

0.91 

7.08 

2197.4 

0.60 

7.08 

2197.4 

0.59 

7.08 

2197.4 

0.59 

7.08 

2192.6 

0.58 

7.08 

2192.6 

0.58 

7.08 

2192.6 

0.57 

7.08 

2190.0 

0.57 

7.08 

2190.0 

0.57 

0.0091 

2209.4 

0.0053 

7.44 

2209.4 

0.56 

7.44 

2208.0 

0.56 

7.44 

2208.0 

0.56 

7.44 

1662.4 

0.70 

7.44 

1662.4 

0.70 

7.44 

1662.4 

0.68 

7.44 

1662.4 

0.68 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 TANK PRESS 
OCV INLET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


injector 

FUEL 

LOX 


■ OXYGEN SYSTEM CONDITIONS • 


PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

1 6 .C 

162.7 

44.7 

61.1 

71.17 

\lb.h 

163-2 

44 , 7 

61.5 

71.20 

135 .» 

163.2 

44 . 7 

61 .5 

71.20 

2893 .0 

176.0 

44.7 

71.0 

71.75 

U . 0 

400.0 

0.076 

204.7 

0.12 

2864 . I 

176.1 

44.6 

71 . 0 

71.70 

2004.9 

179.4 

44.6 

71.0 

70.37 

1965-0 

1786.4 

179.6 

44.6 

71.0 

70.31 


DELTA P 

» valve data 

AREA 

m 

FLOW 

X BYPASS 

2240. 

0.02 

0-37 

5.00 

SO. 

1.84 

7.44 


859. 

0.27 

44.64 



* 

injector 

DATA ■ 


delta p 

AREA 

FLOW 

VELOCITY 

135. 

1.24 

7.44 

1266.91 

198. 

0.60 

44.64 

153.42 
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TABLE 26. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 25,000 LBF THRUST (COPPER TUBE CHAMBER) (CONTINUED) 


• IIAKMACHlMEnV rCftfORMANCC DAT* ■ 


■ K2 BOOST TURB1»C * 


• 1 

• 

M2 DOOST PIRT ■ 


EFFICItMCY (T/T) 

0.B23 


CFFICIDCY 

B.745 


tFFlCIEHCV IT/S) 

0.A3I 


HORSEPOKR 

48. 


SFCeO IRFH) 

<|42S. 


SPEED (RPM) 

41428. 


rCAH DIA 1 IN) 

1.44 


S SPEED 

3841. 


CFF AREA C1M2) 

X.02 


TCAD 

(FT) 

2711. 


U/C (ACTUAL) 

O.SSB 


DIA. 

UM) 

2^43 


MAX TJR SRECD 

377. 


TIP J 

SPEED 

440. 


STAGES 

) 


VOL. 

FLOM 

742. 


CAAMA 

1.44 


ICAO COCF 

0.4S0 


RIICSS RATIO (T/T) 

I.O) 


FLOM COCF 

0.20B 


RDCSS RATIO (T/S) 

1.02 






HnSCROCR 

4B. 






EXIT KACH NUMBER 

0. 10 






SRCCIFIC SPEED 

ISO. 00 






SPECIFIC DIAMETER 

0.S2 






■ K2 TURBINE « 




• W PtB» 

• 






STAGE 0»C 

stage tmo 

STAGE Tma. 

EFFICIOCV (T/T) 

0.BS4 

CFFICIEXCV 

B.7B0 

B.49B 

B.499 

EFFICIEHCV IT/S) 

0.S24 

HORSCPTBCX 

1073. 

1044. 

10S4. 

SPEED (RPH) 

12S000. 

SPEED (RPm 

12SOOO. 

12S000. 

12S00B. 

HORSEPOlCR 

3141 . 

SS SPEED 

M2R7. 



KAN DIA. (IN) 

2.41 

S SPEED 

045. 

043. 

942. 

EFF AREA (IH2) 

0.3S 

KAD 

(FT) 

SSA7S. 

S4FS1. 

S4SB4. 

U/C (ACTUAL) 

o.sos 

DIA. 

(IN) 

3. SB 

3. SB 

S.SB 

MAX TIP SPEED 

1S45. 

TIP J 

SPEED 

1B4S. 

I84S. 

1844. 

STAGES 

2 

VOL. 

FL» 

744, 

733. 

720. 

CAWW 

1.44 

HEAD 

COCF 

B.S24 

B.SIO 

B.S14 

PRESS RATIO (T/T) 

1.77 

FLOM 

COCF 

B.I07 



PRESS RATIO (T/S) 

I.Bl 

DIAKTEX RATIO 

B.S73 



EXIT MACH NUMBER 

0.14 

DEARIIC IM 

S.BBC«04 



SPECIFIC SPEED 

SI -BB 

SHAFT diameter 

24. BB 



SPECIFIC DIAKTER 

1.43 







• 02 KDST TURtI»C • • 02 lOOST rUT ■ 


EFFICIENCY (T/T) 

O.S77 

EFFICIENCY 

B.744 

EFFICIENCY (T/S) 

0.729 

HORSEPOKR 

24. 

SPEED (RPM) 

MOSS. 

SPEED (RPM) 

ims. 

ICAN DIA (IN) 

4.11 

S SPECS 

3824. 

EFF AREA 11N2) 

4.3S 

>CAO (FT) 

242. 

U/C (ACTUAL) 

D.SS3 

DIA. (IN) 

2.72 

MAX TIP SPEED 

234. 

TIF SPEED 

132. 

STAGES 

I 

VOL. n.m 

282. 

CAW4A 

1.44 

KAD COCF 

B.4S0 

PRESS RATIO (T/T) 

I.OB 

FLOM COEF 

8. 208 

PRESS RATIO (T/S) 

1. 01 



KMSCPtBCR 

24. 



EXIT MACH NUMDCR 

B.OS 



SPECIFIC SPEED 

99.31 



SPECIFIC DIAKTED 

0.84 



> 02 TURBIK • 


■ 02 PtB9 ■ 


EFFICIENCY (T/T) 

0.BS4. 

EFFICIOCV 

8.747 

EFFICIENCY (T/S) 

0.794 

HORSCFOKR 

482. 

SPEED (RPH) 

49044. 

SPEED (RPM) 

49844. 

HORSCPOMEX 

402. 

SS SPEED 

22454. 

KAN OlA (IN) 

2.41 

S SPEED 

IBOB. 

EFF AREA t IK2 ) 

0.S3 

»CAD (FTI 

5532. 

U/C (ACTUAL) 

0.4S4 

DIA. (IN) 

2.14 

MAX TIP SPEED 

BSS- 

TIP SPEED 

444. 

STAGES 

1 

ML. FLON 

288. 

GAmA 

1.44 

»CAD COCF 

8.424 

PRESS RATIO (T/T) 

1. 10 

FLOM COCF 

8.153 

PRESS RATIO (T/S) 

1.11 

OIAMCTCX RATIO 

1.481 

EXIT MACH NUMBER 

0.09 

bearino bn 1 

.58C*84 

SPECIFIC SPEED 

48.09 

SHAFT OlAKTER 

70i0e 

SPECIFIC D1AK7CR 

1.40 




»eCC»CXATOII data 


CCLP 
DO.T 
A*1A 
rvo4 
EFFECT I Vt>CSS 
*fTU 

CHAT 10 
OIN 
RCC04 0 


HOT SIOC 
il.St 
-ISO. 00 

I.l« 

o.?« 
o.«o 
1.00 
27 . 04 
*eST.S2 


COLD SIDE 
S2.2T 
ISO. 12 
O.SD 
7.<S 
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TABLE 27. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 37,500 LBF THRUST (COPPER TUBE CHAMBER) 


ENGINE PERFORHANCE PARAMETERS 


chamber pressure 1671.2 

VAC ENGINE THRUST 37500. 
TOTAL ENGINE FLOW RATE 78.12 
DEL. VAC. ISP A80.0 
THROAT AREA 10.^6 
NOZZLE AREA RATIO 1000.0 
NOZZLE EXIT DIAMETER 1 18.1 A 
ENGINE MIXTURE RATIO 6.00 
ETA C» 0.995 
CHAMBER COOLANT DP 752. 
CHAMBER COOLANT DT 603. 
NOZZLE/CHAMBER 0 17580. 


ENGINE STATION CWDITIONS 


• FUEL SYSTEM CWDITIONS ■ 


STATION 

PRESS 

TEMP 

B.P. INLET 

18.6 

17.6 

B.P. EXIT 

100.8 

IB. 5 

PUMP INLET 

100.8 

18.5 

1ST STAGE EXIT 

1768.9 

58.6 

2ND STAGE EXIT 

3663.0 

77.9 

PUMP EXIT 

5182.8 

96.7 

COLD REGEN IN 

5130,9 

97.2 

COLD REGEN EX 

5079.6 

228. 0 

COOLANT INLET 

5079.6 

228.0 

COOLANT EXIT 

6327.2 

650.5 

TBV inlet 

6283.9 

630.8 

TBV EXIT 

1910.3 

666.8 

02 TRB INLET 

6281.9 

610. B 

02 TRB EXIT 

3867.8 

618.6 

M2 TRB INLET 

3867.8 

618.6 

H2 TRB EXIT 

2072.2 

566.1 

M2 TRB DIFFUSER 

2026.1 

566.1 

M2 BST TRB IN 

2006.0 

566.3 

M2 BST TRB OUT 

1 9S6 . 9 

565.1 

M2 BST TRB DIFF 

1971.7 

565.2 

02 BST TRB IN 

1952.0 

565.3 

02 BST TRB OUT 

1961.5 

566.6 

02 BST TRB DIFF 

1960.0 

566.6 

M2 TANK PRESS 

18.6 

558.1 

GOX HEAT EXCH IN 

1910.1 

569.7 

GOX MEAT EXCH OUT 

1920.6 

569.1 

HOT REGEN IN 

1920.6 

569.1 

hot REGEN EX 

1861.0 

625-1 

FSOV INLET 

1865.0 

625.3 

FSOV EXIT 

1816.6 

625.6 

CHAMBER INJ 

1798.6 

625.5 

CHAMBER 

1671.2 



FLOW 

ENTHALPY 

DENSITY 

11.18 

-107.5 

4.17 

11.18 

-lOI.O 

4.39 

11.18 

- 101 .0 

4.19 

11.18 

-7.9 

4.52 

11.18 

87.1 

4.62 

11.18 

181 .6 

4.72 

11.18 

181.6 

4.70 

11.18 

618.8 

2.90 

n .18 

658.8 

2.90 

11.18 

2211 .8 

1.11 

0.56 

2211 .8 

1 .10 

0.56 

2211 .8 

0.51 

10.62 

2211.8 

1 . 10 

10.62 

2156.7 

1.01 

10.62 

2156.7 

l.Ol 

10.62 

1857.1 

0.66 

10.62 

1857 .1 

0.64 

10.62 

1857.1 

0.64 

10.62 

1852.1 

0.63 

10.62 

1852.1 

0.61 

10.62 

1852.1 

0.62 

10.62 

1849.7 

0.62 

10.62 

1849.7 

0.62 

0.0161 

1867.8 

0.0063 

11.16 

1867.8 

0.61 

11.16 

1866.5 

0.61 

11.16 

1866.5 

0.61 

11.16 

1408 .6 

0.75 

11.16 

1408.6 

0.75 

11.16 

1408.6 

0.74 

11.16 

1408.6 

0.73 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 TANK PRESS 
OCV I«_ET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


« OXYGEN SYSTEM CONDITIONS » 


PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

16.0 

162.7 

67.1 

61.1 

71.17 

135.6 

163.2 

67.1 

61.5 

71.20 

135.6 

163.2 

67.1 

61.5 

71.20 

2709.7 

174. B 

67.1 

70.2 

71.77 

16.0 

400.0 

0.113 

204.7 

0.12 

2682.6 

174.9 

67.0 

70.2 

71.73 

1877.8 

177.9 

67.0 

70.2 

70.48 

1840.5 

1675.2 

178.0 

67.0 

70.2 

70.42 


DELTA P 

■ VALVE DATA 
AREA 

• 

FLOW 

X BYPASS 

2354 . 

0.02 

0.56 

5.00 

47. 

2.73 

11.16 


805. 

0.42 

66.96 



m 

INJECTOR 

DATA ■ 


DELTA P 

AREA 

FLOW 

VELOC I TY 

125, 

1 .89 

11.16 

1177.20 

]B6. 

0-92 

66.94 

148 . 16 
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TABLE 27. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
- 37,500 LBF THRUST (COPPER TUBE CHAMBER) (CONTINUED) 


• TWKMACMIltflRV ^KFOAMANCC DAT* • 


• AC aoOST TUktIAC • 

EFFIClENCrV (T/T) 

• .«S9 

EFFICIENCY (T/S) 

».«S* 

SPEED (RPN) 

SS742. 

ACAM DIA (IN) 

1.77 

EFF AREA IlNM 

A. 19 

W/C (ACTIML) 

o.sss 

MAX TIP SPEED 

S7S. 

STAGES 

1 

CAADM 

l.S* 

PRESS RATIO (T/T) 

i.ai 

PRESS RATIO (T/S) 

1.02 

ACRSCPOCR 

72. 

EXIT MACM IWOI 

• .!• 

SPECIFIC SPEED 

ise.oo 

SPECIFIC DIAfCTCR 

a.ss 

• AC TURBIAC • 



EFFICIEMCV IT/TJ 

s.tss 

EFFICICMCrr (T/S) 

R.ai9 

SPEED (RPM) 

l»71«s. 

AOtSEFOCR 

«SB1. 

ACAM DIA. (IN) 

2.72 

EFF area tlM2> 

a. 49 

U/C (ACTUM.) 

• .**4 

MAX TIP SPEED 

IS97. 

STAGES 

2 

(MAM* 

l.S* 

PRESS RATIO (T/TI 

1.B7 

PRESS RATIO (T/Sl 

1.92 

EXIT AWCM NUAeCR 

a.)9 

SPECIFIC SPEED 

S4.0* 

SPECIFIC DlAfCTEB 

1.27 

> 02 aODST TUtBIAC • 

EFFICIENCY (T/T) 

• .••7 

EFFICIENCY (T/S) 

• .7«« 

SPEED (RPM) 

902*. 

ACAN DIA (IN) 

S.»4 

EFF AREA riM2> 

S.99 

U/C (ACTUAL) 

a.sss 

MAX TIP SPEED 

2S2. 

STAGES 

1 

GAAMA 

l.S* 

PRESS RATIO (T/T) 

!.•! 

PRESS RATIO (T/S) 

I.Rl 

HORSEFOm 

19. 

EXIT MAO* ARMCR 

• .•4 

SPECIFIC SPEED 

9*. SI 

SPECIFIC OlMCTED 

• .•9 

• 02 TUtSlIC • 


EFFICIENCY (T/T) 

• .«•• 

EFFICIEICY (T/S) 

R.S27 

SPEED (RPM) 

S4SI*. 

AOtSEFtDCR 

•2S. 

ACAM DIA (IN) 

2.72 

EFF AREA IIAC) 

0.7S 

U/C (ACTUM.) 

•.ss» 

AtAK TIP SPEED 

72*. 

stages 

2 

CAAMA 

1.5* 

PRESS RATIO (T/T) 

l.ll 

PRESS RATIO (T/S) 

1.12 

EXIT NAOf MIMSCD 

1.09 

SPECIFIC SPEED 

7*.SS 

SPECIFIC DlAACTED 

1.S9 


• K2 BOOST PUMP • 


CFFICIDCV B.TM 

HOPscpawK n. 

SPEED 1RPM> SJ7*2. 

S SPEED SDM. 

MEAD tm 
DIA. (INI 2.m 

TIP SPEED 4S>. 

VOL. FLDH I14S. 

tCAD COEF B.ASD 

FLCM COEF D.EDI 


■ HZ • 


STAGE e»C stage Tie STAGE TIME 


EFPICIENCV 
WRSCPOICIt 
SPEED n»PM) 

S$ SPEED 
S SPEED 
>C*0 (FT) 

01*. (IN) 

TIP SPEED 
VOL. FLON 
»CAD COEF 
FLOM COEF 
DIAACTER RATIO 
•EARING DM 
SMAFT OIAFCTER 


• .724 
ISM. 

(•71AS. 

IIBTE. 

lOlS. 

SSAM. 

S.B9 

laiB. 

111 *. 

• .S22 

• .Ml 

• .Stl 
S. ••€*•* 

29 . M 


IS»). 

1B7US. 

)••*. 

SSSS4. 
!.•• 
ID ID. 
1«D*. 
D.SI9 


D.721 

MM. 

1«7I4S. 

!•••. 

SSD21. 
1.D9 
ID ID. 

ms. 

• .SI* 


> 02 BOOST pwe ■ 


EFFICIEICV D.744 

MORSCPCBCR S9. 

SPEED (RPM) MS*. 

S SPEED Stt*. 

ACAD (FT) 242. 

DIA. (IN) S.S4 

TIP SPEED 1S2. 

VOL. FUM 42S. 

ACAD COEF B.4SD 

FLOM COEF •.2D* 


■ 02 PIBC ■ 


EFFICIEMCV 9,719 
HORSEPOMlt •?•. 
SPEED (RPN) S4SI*. 
SS SPEED 219l«. 

s SPEED lass. 

ACAD (FT) SI42. 
DIA. (IN) 2.*1 
TIF SPEED *21. 
VOL. FL(M 419. 
ACAD COEF a.4SI 
FLOM COEF a.lSS 
OIAICTCR RATIO •.«•! 
SEARING ON l.42E*S4 
SAiAFT OlAfCTED 2«.a» 


RECOCRATCR DATA 


DCLF 
CELT 
AREA 
FL(M 
EFFECT 1VE>CSS 
NTU 
CRATIO 
CMIM 
RCCEM 0 


ACT SIDE 
S7.*2 
>124.0* 
2.7* 
11 . 1 * 

• .29 

0*2 

».M 

S9.0* 

S109.9* 


COLD SICE 
SI. SI 

ISO. as 

0.7* 

ll.l* 
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TABLE 28. 


FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
50,000 LBF THRUST (COPPER TUBE CHAMBER) 


ENGINE PERFORNANCE PARA>CTERS 


CHAMBER PRESSURE 

1557.* 

VAC ENGINE THRUST 

soooo. 

TOTAL ENGINE FLOW RATE 

10A.I7 

DEL. VAC. ISR 

A80.0 

THROAT AREA 

IS. 69 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIAMETER 

1A1.5A 

ENGINE MIXTURE RATIO 

6.00 

ETA C» 

0.99S 

CHAMBER COOLANT DP 

672. 

CHAMBER COOLANT DT 

SS8. 

NOZZLE/CHAMBER 0 

21099. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEJ*» 

B.P. IM.ET 

18.6 

57.4 

B.P. EXIT 

100.9 

58.5 

PUMP IN_£T 

100.9 

58.5 

1ST stage exit 

161Z.6 

55.5 

2ND STAGE EXIT 

SUO.O 

71.8 

PUMP EXIT 

6741 -S 

87.7 

COLO RECEM IN 

6694 . 1 

88.2 

COLD REGEN EX 

4647.1 

204.0 

COOLANT IM-ET 

4647.1 

204.0 

COOLANT EXIT 

5975.6 

561.9 

TBV IM_£T 

5955. B 

562.1 

TBV EXIT 

1797.6 

572.8 

02 TRB IM-£T 

5955.8 

562.1 

02 TRB EXIT 

5542.5 

550.4 

H2 TRB I^AXT 

5542.5 

550.4 

HZ TRB EXIT 

1957.7 

486.5 

H2 TRB DIFFUSER 

1B91 .0 

486.5 

M2 8ST TRB IN 

1872.0 

486.5 

M2 BST TRB OUT 

1850.4 

485.4 

M2 BST TRB DIFF 

1857.4 

485.4 

02 BST TRB IN 

1819.1 

485.5 

02 BST TRB OUT 

1808.2 

484.8 

02 BST TRB DIFF 

1806.7 

484.8 

HZ TANK PRESS 

18.6 

49S.7 

GOX HEAT EXCH IN 

1797.6 

489.5 

GOX HEAT EXCH OUT 

1788.7 

488.9 

HOT REGEN IN 

1788.7 

488.9 

HOT REGEN EX 

1755.0 

586.5 

FSOV I«.ET 

1755.0 

586.5 

FSOV EXIT 

1691.6 

586.4 

chamber ihj 

1675.) 

586.4 

chamber 

1557.9 



FLOM 

ENTHALPY 

DENSITY 

14.91 

-107.5 

4.57 

14.91 

-103.0 

4.39 

14.91 

-105.0 

4.59 

14.91 

-20.1 

4.55 

14.91 

65.0 

4.66 

14.91 

146.2 

4.77 

14.91 

146.2 

4.75 

14.91 

554.5 

2.98 

14.91 

554.5 

2.98 

14.91 

1949.9 

1.14 

0.75 

1949.9 

1.15 

0.75 

1949.9 

0.55 

14.16 

1949.9 

1.13 

14.16 

1899.5 

1.06 

14.16 

1899.5 

1 .06 

14.16 

1657.1 

0.69 

14.16 

1637.1 

0.67 

14.16 

1657.1 

0.67 

14.16 

1652.3 

0.66 

14.16 

1632.3 

0.66 

14.16 

1632.3 

0.65 

14.16 

1629.8 

0.65 

14.16 

1629.8 

0.65 

0.0242 

1645.8 

0.0071 

14.88 

1645.8 

0.64 

14.88 

1644.4 

0.64 

14.88 

1644.4 

0.64 

14.88 

1255.6 

0.78 

14.88 

1255.6 

0.78 

14.88 

1255.6 

0.76 

14.88 

1255.6 

0.75 



■ OXYGEN 

1 SYSTEM 

CONDITIONS 

■ 


STATION 

PRESS 


FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

89.4 

61.1 

71.17 

B.P. EXIT 

135.6 

165.2 

89.4 

61 .5 

71.20 

PUMP inlet 

155.6 

165.2 

89.4 

61.5 

71.20 

PUMP EXIT 

2525.0 

173.7 

89.4 

69.5 

71.77 

02 TA)8< press 

16.0 

<00.0 

0.151 

204.7 

0.12 

ocv inlet 

2497.8 

175.8 

89.5 

69.5 

71.75 

OCV EXIT 

1748.4 

176.6 

89.5 

69.5 

70.56 

chamber imj 

CHAMBER 

1715.6 

1557.9 

176.8 

89.5 

69.5 

70.51 


valve 

DELTA P 

■ VALVE DATA 
AREA 

■ 

FLOW 

X BYPASS 

TBV 

2158. 

0.05 

0.75 

5.00 

FSOV 

43. 

5.75 

14.88 


OCV 

7<9. 

0.58 

89.29 




« 

INJECTOR 

DATA • 


INJECTOR 

delta p 

AREA 

FLOW 

VELOCITY 

FUEL 

117. 

2.58 

14.88 

1117.61 

LOX 

175. 

1.27 

89.29 

145.07 
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TABLE 28. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 50,000 LBF THRUST (COPPER TUBE CHAMBER) (CONTINUED) 


• TURaVMCHl^OT rcVORMMCX (UTA ■ 


■ K2 0OO5T Tmt*C • 

■ H2 0OO5T 

Fl»r • 

ETFICIEMCY urn 

0.059 

EFFICIENCY 

0.745 

CFFICIEHCV IT/J) 

1.474 

KXnCFOkClt 

94. 

S^EtO IKfMl 

297S1. 

9CEO IRFWl 

29211 . 

(CAN OIA (IMI 

2.01 

S SFCED 

1045. 

CFF AAEA MH71 

5.19 

ICAO <m 

2702. 

U/C tACTlM.) 

0.529 

OIA. UNI 

1.44 

HAX TIF SFEXS 

149. 

TIF SFCEO 

440. 

staccs 

1 

VOL. FLON 

1524. 

CAmA 

1.42 

(CAD COEF 

0.450 

FKCSS OATIO (T/Tl 

1.01 

FLCM COEF 

0.201 

FOtM OATIO n/Jl 

1.02 



M00SCFC4C1I 

94. 



EXIT NACH NtMOt 

0.11 



SPECIFIC SFEED 

154.00 



SFCCIFIC D1A#CTER 

0.51 




> K2 TUROIIC • 



■ K2 PIRC 

• 






STAGE 04C 

stage no STAGE TlOtEZ 

EFFICIENCY 

IT/7> 

0.074 

9F1C1CNCV 

0.750 

0.740 

0.744 

EFFICIENCY 

(T/S) 

0.015 

(OeSEFttCX 

1749. 

1752. 

1751. 

SPEED 

IRFM) 

104040. 

VEEO torm 

100000. 

100000. 

104000. 

HORSEFOME]| 


5254. 

S SFEZD 

12010. 



(CAM DIA. 

IlN) 

2.92 

S SPED 

1174. 

1142. 

1150. 

EFF AREA 

I1N2) 

0.47 

*CAO IFTl 

40171. 

40117. 

40277. 

U/C (ACTUAL) 

0.497 

OIA. (IMl 

4.02 

4.02 

4.02 

nak tip SFSXO 

1411. 

TIP SPEED 

1751. 

1751. 

1754. 

STAGES 


2 

VOL. n.0M 

1472, 

1415. 

1404. 

GAMMA 


1.42 

ICAO COEF 

0.504 

0.504 

0.505 

PRESS RATIO 

CT/T) 

1.01 

njM COEF 

0.121 



PRESS RATIO 

IT/SJ 

1.09 

OlAICm RATIO 

0.412 



EXIT HACM MUMCR 

0.20 

KARTNB IM 

1.0DE*04 



SPECIFIC SPEED 

41.21 

»Otrr OlAICTER 

10.00 



SPECIFIC OIAICTEX 

1.10 






■ 02 SOOST TmilC • 

• 02 OOOST 


EFFICIENCY 

IT/T) 

0.094 

EFFICIOCY 

0.744 

EFFICIENCY 

(T/S) 

0.754 

»CRSCPOlC]l 

51. 

SPEED 

IRPM) 

7017. 

SPEED IRPM) 

7017. 

ICAM D!A 

(IN) 

5.01 

S SPEED 

1024. 

EFP AREA 

IIN2) 

7.40 

»CAO (FT) 

242. 

U/C (ACTUAL) 

0.551 

DIA. (IM) 

1.05 

MAX TIP SPEED 

212. 

TIP SPEED 

112. 

stages 


1 

ML. PL(M 

544. 

CAMU 


1.42 

ICAO COEF 

0.450 

PRESS RATIO 

IT/T) 

1.01 

FLON COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPtRCR 


51. 



EXIT MACH MROCD 

0.04 



SPECIFIC SPEED 

95.14 



SPECIFIC DlAfCTER 

0.94 




• 02 TUROIIC • 


• 02 PUMP ■ 


EFFICIENCY 

(T/T) 

0.001 

CFFICIETCY 

0.749 

EFFICIEMCV 

(T/5) 

0.024 

MORSEPOICR 

1011. 

SPEED 

IRPM) 

45415. 

SPEED (RPMl 

45415. 

HORSEPOICR 


1011. 

SS SPEED 

21140. 

MEAN DtA 

( IN) 

2.92 

S SPEED 

10)4. 

EFF AREA 

I1K2) 

i.M 

ICAO IFT) 

4700. 

U/C (ACTUAL) 

0.514 

DIA. flN) 

2.99 

MAX TIP SPEED 

441. 

TIP SPEED 

594. 

STAGES 


2 

VOL. FLOH 

559. 

GAI4tA 


1.42 

fCAD COEF 

0.414 

PRESS RATIO 

IT/T) 

l.ll 

FLON COEF 

0.157 

PRESS RATIO 

IT/S) 

1.12 

DlAfCTER RATIO 

0.404 

EXIT MACH MltVER 

0.09 

OEARINC ON 1 

.17C»04 

SPECIFIC SPEED 

77.10 

shaft DlAfCTER 

10.00 

SPECIFIC DlAfCTER 

1.02 




KCSDCtAna DATA 

■•••••■•••••••■a 


DCLP 

KLT 

MCA 

FVOM 


cold SIDC 

ns.A* 

i.u 

14. 


EFFtCTIVtiCSS 

l>.TU 

CKATIO 
CMtN 
AECtM 0 


mr SIDE 
SS.44 
>102.44 
J.77 
14.0* 

• -2» 

4.42 

«.n 

49. M 
&m.44 
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TABLE 29. — FULL-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


Ef4ClNE: performance parameters 


CHAMBER PRESSURE 

I7S0.2 

VAC ENGINE Tt«UST 

7S00. 

TOTAL ENGINE FLOW RATE 

IS. 62 

DEL, VAC. ISP 

<•80 . 0 

THROAT AREA 

? . 10 

NOZZLE AREA RATIO 

1000 .0 

NOZZLE EXIT DIAMETER 

51.67 

ENGINE MIXTURE RATIO 

6.00 

ETA C» 

0.995 

CHAMBER COOLANT DP 

751 . 

CHAMBER COOLANT DT 

710. 

nozzle/chamber Q 

5975- 


ENCnC STATION CONDITIONS 


• FUEL SVSTEM CONDITIONS • 


STATION 

PRESS 

JEtV 

FLOW 

ENTHALPY 

DENS 1 TV 

8.P. ItCET 

18.6 

57.4 

2,25 

-107.5 

4.57 

8.P. EXIT 

100.3 

38.5 

2.25 

-103.0 

4.59 

PUMP lfC£T 

100.3 

38.5 

2.23 

-103.0 

4.59 

1ST STAGE EXIT 

1804.9 

66.9 

2.23 

15.5 

4.50 

2ND stage EXIT 

3447.1 

93.2 

2.23 

129.3 

4.29 

PUMP EXIT 

5043.4 

117.8 

2.25 

239.0 

4.52 

COOLAKT IM.ET 

4993.0 

118.2 

2.23 

239-0 

4.50 

COOLANT EXIT 

4262.4 

828.3 

2.23 

2913.2 

0.86 

TBV IIC.ET 

4219. B 

828.6 

0.11 

2913-2 

0.85 

T8V EXIT 

1959.7 

843.2 

0.11 

2913.2 

0.41 

02 TRB INLET 

4219.8 

828.6 

2.12 

2913.2 

0.85 

02 TRB EXIT 

3829.5 

813.6 

2.12 

2850.5 

0.80 

M2 TRB IM-ET 

3829.5 

813.6 

2.12 

2850.5 

0.60 

H2 TRB EXIT 

2082.2 

725.0 

2.12 

2490.3 

0.51 

H2 TRB DIFFUSER 

2053.7 

723.1 

2.12 

2490.3 

0.50 

M2 8ST TRB IN 

2053.1 

723.1 

2.12 

2490.3 

0.50 

M2 BST TRB OUT 

2015.5 

722.0 

2.12 

2485.6 

0.49 

M2 BST TRB DIFF 

1999.9 

722.1 

2.12 

2485.6 

0-49 

02 BST TRB IN 

1979.9 

722.2 

2.12 

2485.6 

0.49 

02 BST TRB OUT 

1971.0 

721.5 

2.12 

2483.0 

0.48 

02 BST TRB DIFF 

1969.5 

721.6 

2.12 

2483.0 

0.48 

M2 TAM( PRESS 

18.6 

759.1 

0.0024 

2504.5 

0 . 0047 

GOX HEAT EXCH IN 

1959.7 

727.7 

2.23 

2504.5 

0.48 

GOX »CAT EXCH OUT 

1949.9 

727.4 

2.23 

2503.2 

0.48 

FSOV I»«JET 

1949.9 

727.4 

2-25 

2503-2 

0.48 

FSOV EXIT 

1901.1 

727.7 

2.25 

2503.2 

0.46 

CHAMBER INJ 

1862.5 

727.9 

2.23 

2503.2 

0.45 

CHAMBER 

1750.2 






■ OXYGEN SVSTEM 

CONDITIONS 

• 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. IM.ET 

16.0 

162.7 

15.4 

61 . 1 

71.17 

B.P. EXIT 

135.6 

163.2 

13.4 

61 .5 

71.20 

PUMP IM_ET 

135.6 

165.2 

15.4 

61.5 

71.20 

PUMP EXIT 

2834.5 

177.2 

13.4 

71.4 

71-50 

02 TAMC PRESS 

U.O 

400.0 

0.023 

204.7 

0 . 12 

ocv i«xr 

2806.2 

177.3 

15.4 

71.4 

71.46 

OCV EXIT 

1964.5 

180.6 

15.4 

71,4 

70.15 

CHAMBER INJ 

1925.2 

180.7 

15.4 

71 .4 

70.09 

CHAMBER 

1750.2 






■ 

valve data « 



VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


TBV 

2260. 

0.01 

0. tl 

5.00 


FSOV 

49. 

0.68 

2.23 



OCV 

842. 

0.08 

13-59 




■ 

INJECTOR 

DATA « 



INJECTOR 

DELTA P 

AREA 

FLOW 

VELOC 1 TV 


FUEL 

152. 

0.47 

2.25 

1504.14 


LOX 

194. 

0.18 

15-39 

152.10 
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TABLE 29. — FULL-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ turbohacminery perforka>ce data « 


• H2 BOOST TURBINE ■ 

m 

■ 

K2 BOOST PUMP • 


EFFICIENCY IT/T) 

0. 7S8 

EFFICIENCY 

0.766 


EFFICIENCY (T/S) 

0.3S0 

MORSEPOCS 

14. 


SPEED CRPN) 

75279. 

SPEED (RPM) 

75279. 


HEAN DIA (IN) 

0.85 

S SPEED 

3050. 


EFF AREA ( 1N2 ) 

1.04 

HEAD 

(FT) 

2685. 


U/C ( ACTUAL ) 

0.562 

DIA. 

UN) 

1.33 


KAX TIP SPEED 

400. 

TIP 

SPEED 

438. 


STAGES 

1 

VOL, 

FLOW 

228. 


GANHA 

1 .44 

HEAD 

COEF 

0.450 


PRESS RATIO (T/T) 

1.01 

FLOM 

COEF 

0.201 


PRESS RATIO (T/S) 

1.02 





HORSEPOI>CR 

14. 





EXIT HACH NUMBER 

0.10 





SPECIFIC SPEED 

146.08 





SPECIFIC DIAMETER 

O.Sl 





• HZ TURBI»C ■ 



■ M2 PUMP 

1 a 
• 





STAGE C»C 

STAGE TMO 

STAGE THREE 

EFFICIENCY (T/T) 

0.808 

EFFICIENCY 

0.615 

0.621 

0.626 

EFFICIENCY (T/S) 

0.787 

HORSEPCACR 

375. 

360. 

347, 

SPEED (RPM) 

187S00. 

SPEED (RPMl 

187500. 

187500. 

187500. 

HORSEPQHER 

1082. 

SS SPEED 

9340. 



fCAN DIA. UN) 

1.65 

S SPEED 

779. 

797. 

813. 

EFF AREA ( IN2 ) 

0.11 

HEAD (FT ) 

56759. 

55094. 

53385. 

U/C (ACTUAL) 

0.549 

DIA. UN) 

2.29 

2.29 

2.29 

MAX TIP SPEED 

1456. 

TIP SPEED 

1874. 

1874. 

1873. 

STAGES 

3 

VOL. FLOW 

233. 

234. 

232. 

GAMMA 

1.44 

HEAD COEF 

0.520 

0.505 

0.489 

PRESS RATIO (T/T) 

1 .84 

FLOW (X)EF 

0.095 



PRESS RATIO (T/S) 

1 .87 

diameter RATIO 

0.322 



EXIT KACH NUMBER 

0.14 

BEARING ON 

3.00e*06 



SPECIFIC SPEED 

54.79 

SHAFT DIAMETER 

16.00 



SPECIFIC DIAMETER 

1.42 





• 02 BOOST TURBINE « 

■ a 
» 

02 BOOST PUMP ■ 


EFFICIENCY (T/T) 

0.805 

EFFICIENCY 

0.764 


EFFICIENCY (T/S) 

0.658 

HORSEPOkCR 

8. 


SPEED (RPM) 

20185. 

SPEED 

1 (RPM) 

20183. 


MEAN DIA UN] 

2.25 

S SPEED 

3026. 


EFF AREA (IK2) 

1.49 

)CAO 

(FT) 

242. 


U/C (ACTUALS 

0.555 

DIA. 

UN) 

1 .49 


MAX TIP SPEED 

237. 

TIP SPEED 

132. 


STAGES 

1 

VOL. 

FLOW 

85. 


GAMMA 

1.44 

HEAD 

COEF 

0.450 


PRESS RATIO (T/T) 

1.00 

FLOW 

COEF 

0.200 


PRESS RATIO (T/S> 

l.Ol 





HORSEPCAtR 

8. 





EXIT KACH NUMBER 

0.03 





SPECIFIC SPEED 

100.36 





SPECIFIC DIA^tTER 

0.82 






« 02 TURBINE • « Q2 PUMP ■ 


EFFICIENCY 

(T/T) 

0.804 

EFFICIETCV 

0.703 

EFFICIENCY 

(T/S) 

0,754 

MORSEPOCR 

188. 

SPEED 

(RPM) 

127128. 

SPEED (RPM) 

127128. 

HORSEPOWER 


188. 

SS SPEED 

22848. 

MEAN DIA 

UN) 

1.65 

S SPEED 

1843. 

EFF AREA 

UM2) 

0.17 

t^AD (FT) 

5434. 

U/C ( ACTUAL 1 

0.515 

OIA. UN) 

1.18 

MAX TIP SPEED 

981. 

TIP SPEED 

653. 

STAGES 


1 

VOL. FLOW 

84. 

CAHHA 


1 .44 

(CAO COEF 

0.410 

PRESS RATIO 

(T/T) 

1 .10 

FLOM COEF 

0.155 

PRESS RATIO 

(T/S) 

1.11 

DIAMETER RATIO 

0.681 

EXIT MACH NUMBER 

0.09 

bearing on 

1 .53E*06 

SPECIFIC SPEED 

48.50 

SHAFT DIAMETER 

12.00 

SPECIFIC DIAttTER 

1.52 
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TABLE 30. — FULL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORtWCE PARAMETERS 


CHAMBER PRESSURE 
VAC ENGINE THRUST 
TOTAL ENGINE FLON RAT^ 
DEL. VAC. ISP 
THROAT AREA 

nozzle area ratio 
nozzle exit diameter 

ENGINE MIXTURE RATIO 
ETA C« 

CHAMBER COOLANT OP 
CHAMBER COOLANT DT 

nozzle/chamber Q 

ENGINE STATIO 


1SS6.2 
ISOOO. 
31 -25 
A80.0 
< . 71 
1 000 . 0 
77. A6 
( .00 
0.993 
52 3. 
535. 
9138. 

CONDITIONS 


■ FUEL SYSTEM CONDITIONS • 


STATION 

PRESS 

TE70» 

B.P. IftET 

18.6 

37.6 

B.P. EXIT 

100.5 

38.5 

PUI«> I»€_ET 

100.5 

58.5 

1ST STAGE EXIT 

1526.5 

58.2 

2M) STAGE EXIT 

2966.9 

77.0 

PUW EXIT 

6356.9 

95.0 

CXXX-ANT IMJET 

6313.3 

95.6 

COOLANT EXIT 

3789 .8 

630.7 

TBV 

3751.9 

650.9 

TBV EXIT 

1762.5 

662.6 

02 TRB INLET 

3751.9 

650.9 

02 TRB EXIT 

5376.2 

618.6 

K2 TRB INLET 

3376.2 

618.6 

K2 TRB EXIT 

1866.0 

551.6 

K2 TRB DIFFUSER 

1836.6 

551.7 

K2 BST TRB IN 

1816.1 

551.7 

K2 BST TRB OUT 

1 796 .8 

550.6 

K2 BST TRB OIFF 

1780.6 

550.7 

02 BST TRB IN 

1762.6 

550.7 

02 BST TRB OUT 

1752.6 

550.1 

02 BST TRB DIFF 

1751.1 

550.1 

HZ TAM( PRESS 

18.6 

562.6 

GOX ftAT exCH IN 

1762.3 

556-7 

GOX ICAT EXCH OUT 

1733.6 

556.6 

FSOV I»tET 

1735.6 

556.6 

FSOV EXIT 

1690.2 

556-6 

chamber inj 

1655.8 

556.7 

CHAMBER 

1556.2 



FLOW 

ENTHALPY 

DENSITY 

6.67 

-107.5 

6.37 

6.67 

-105.0 

6-39 

6.67 

-103.0 

6.59 

6.67 

-15.2 

6.65 

6.67 

71.3 

6.68 

6-67 

156.6 

6.53 

6.67 

156.6 

6.51 

6.67 

2200.2 

0.99 

0.22 

2200.2 

0.98 

0.22 

2200.2 

0.68 

6.25 

2200.2 

0.98 

6.25 

2166.9 

0.91 

6.25 

2166.9 

0.91 

6-25 

1873.8 

0.59 

6.25 

1873.8 

0.58 

6.25 

1873.8 

0.58 

6.25 

1869.1 

0.57 

6.25 

1869.1 

0.57 

6.25 

1869.1 

0.56 

6.25 

1866.5 

0.56 

6.25 

1866.5 

0.56 

0.0066 

1885.2 

0.0062 

6.66 

1883.2 

0.55 

6.66 

1881.8 

0.55 

6.66 

1881.8 

0.55 

6.66 

1881.8 

0.56 

6.66 

1881 .8 

0.53 


« OXYGEN SYSTEM CONDI TIC»e ■ 


STATION 

PRESS 


FLON 

ENTHALPY 

B.P. I«-ET 

16.0 

162.7 

26.8 

61.1 

B.P. EXIT 

135.6 

163.2 

26.8 

61 .5 

PUM> IfCET 

135.6 

163.2 

26.8 

61.5 

PUK» EXIT 

2520.5 

176.8 

26.8 

69.9 

02 TANK PRESS 

16.0 

600.0 

0.065 

206.7 

OCV IKOjET 

2695.1 

176-9 

26.8 

69.9 

OCV EXIT 

1766.6 

177.7 

26.8 

69.9 

CHAMBER INJ 

1711.8 

177.8 

26.8 

69.9 

CHAMBER 

1556.2 





■ 

VALVE DATA ■ 


VALVE 

DELTA P 

AREA 

FLON 

X BYPASS 

TBV 

2010. 

0.01 

0.22 

5.00 

FSOV 

63. 

1.36 

6.66 


OCV 

769. 

0.17 

26.79 



- 

injector 

DATA ■ 


INJECTOR 

DELTA P 

AREA 

FLON 

^LOCITY 

FUEL 

117- 

0.92 

6.66 

1321.67 

LOX 

173. 

0.58 

26.79 

163.17 


DENSITY 
71.17 
71.20 
71.20 
71.59 
0.12 
71.55 
70. 3S 
70.53 
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TABLE 30. — 


FULL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 



- 

TURBOMACHINERY 

PERFORMANCE DATA ■ 


“ H2 BOOST TURBINE ■ 

■ H2 BOOST 

PUMP ■ 

EFFICIENCY 

(T/T) 

0.7A2 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.590 

HORSEPOWER 

29, 

SPEED 

(RPM) 

53252. 

SPEED (RPM) 

53252. 

MEAN DIA 

I iNl 

1 . U 

S SPEED 

30A9. 

EFF AREA 

( IK2) 

l.7i 

HEAD (FT) 

2439. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

1.89 

MAX TIP SPEED 

339. 

TIP SPEED 

438. 

STAGES 


I 

VOL. FLOW 

457. 

GAMMA 


1.37 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T ) 

1.01 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1.02 



HORSEPOWER 


29, 



EXIT MACH NUMBER 

0.11 



SPECIFIC SPEED 

1A6.55 



SPECIFIC DIAMETER 

0.52 




• H2 TURBltC • 


STAGE OC STAGE T>40 STAGE THtEE 


EFFICIENCY 

IT/T) 

0.81B 

EFFICIENCY 

0.680 

0.481 

0.481 

EFFICIENCY 

(T/S) 

0.790 

HORSEPO»CR 

556. 

547. 

538. 

SPEED 

(RPM) 

136363. 

SPEED (RPM) 

136363. 

134343. 

134343. 

HORSEPOWER 


1441. 

SS SPEED 

9599. 



>C:aN DIA. 

(IN) 

2.42 

S SPEED 

917. 

922. 

927. 

EFF AREA 

(IN2) 

0.23 

MEAD (FT) 

46464. 

45825. 

45101. 

U/C (ACTUAL) 

0.550 

OlA. (IN) 

2.85 

2.85 

2.85 

MAX TIP SPEED 

1536. 

TIP SPEED 

1694. 

1495. 

1494. 

STAGES 


2 

VOL . FLOW 

453. 

448. 

445. 

GAMMA 


1,57 

)CAO CDEF 

0.521 

0.515 

0.505 

PRESS RATIO 

(T/T) 

1 .81 

FLOW COEF 

0.105 



PRESS RATIO 

(T/S) 

1.85 

diameter RATIO 

0.363 



EXIT MACH NUMBER 

0.17 

BEARING DM 

3.00E«06 



SPECIFIC SPEED 

48.65 

SHAFT DIAMETER 

22.00 



SPECIFIC DIAMETER 

1.61 






02 BOOST TURBINE 


02 BOOST PUMP ■ 


EFFICIENCY 

(T/T) 

0.826 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.689 

HORSEPOWER 

15. 

SPEED 

(RPM) 

14271 . 

SPEED (RPM) 

14271 , 

»CAN DIA 

(IN) 

3.18 

S SPEED 

3026. 

EFF AREA 

(IN2) 

2.59 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2,11 

max tip speed 

234. 

TIP SPEED 

152, 

STAGES 


1 

VOL. FLOW 

169. 

(iAMMA 


1.37 

MEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPOWER 


15. 




EXIT MACH NUMBER 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


* 02 TURBI»C 


EFFICIENCY 

EFFICIENCY 

SPEED 


HORSEPOWER 

321 . 

»CAN DIA (IN) 

2-42 

EFF AREA ( IK2 ) 

0.33 

U/C (ACTUAL) 

0.545 

MAX TIP SPEED 

952. 

STAGES 

1 

GAMMA 

1.37 

PRESS RATIO (T/T) 

1.11 

PRESS RATIO (T/S) 

1 . 12 

EXIT MACH NUMBER 

0.10 

SPECIFIC SPEED 

48.53 

SPECIFIC DIAMETER 

1.61 


■ 02 PUW» ■ 


EFFICIENCY 

0.730 

HORSEPOWER 

321 . 

SPEED (RPM) 

84487. 

SS SPEED 

21475. 

S SPEED 

19 02. 

HEAD (FT) 

4 7 95, 

DIA. (IN) 

1.64 

TIP SPEED 

406. 

VOL. FLOW 

168. 

HEAD COEF 

0.420 

FLOW COEF 

0.158 

diameter RATIO 

0.483 

BEARING DN 1 

.52E*06 

SHAFT DIAMETER 

18.00 
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TABLE 31. - FULL-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


engine: performance parameters 


CHAMBER PRESSWIE 

IA?1 .7 

VAC ENGINE THRUST 

25000. 

total engine flow rate 

52,09 

DEL. VAC. ISP 

<^0.0 

THROAT AREA 

8.11 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIAMETER 

102.12 

ENGt(« MIXTURE RATIO 

6.00 

ETA C« 

0-913 

CHAMBER COOLANT DP 

A73. 

CHAMBER COOLANT DT 

A48. 

MOZZLE/CHAMBER 0 

1277A. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS • 


STATION 

PRESS 

TEMP 

B.P. IfLET 

18.6 

57.4 

B.P. EXIT 

100.6 

58.5 

PVtr IM_ET 

100.6 

38.5 

1ST STAGE EXIT 

IAS3.1 

54.5 

2ND STAGE EXIT 

2782 . 0 

70.0 

EXIT 

41A7.2 

85.1 

COOLANT INLET 

4105.7 

85.5 

COOLANT EXIT 

3632.5 

535.3 

TBV IH.ET 

5596.2 

535.5 

TBV EXIT 

1670.3 

542.6 

02 TRB IM_ET 

3596.2 

533.5 

02 TRB EXIT 

3211.3 

521.9 

H2 TRB INLET 

3211.3 

521.9 

H2 TRB EXIT 

1799,8 

463.1 

H2 TRB DIFFUSER 

1760.7 

463.3 

H2 BST TRB IN 

1743.1 

465.3 

H2 BST TRB OUT 

1721.4 

462.1 

H2 BST TRB DIFF 

1708 . 1 

462.2 

02 BST TRB IN 

1691.0 

462.3 

02 BST TRB OUT 

1680.2 

461.6 

02 BST TRB DIFF 

1678.7 

461 .6 

M2 TANK PRESS 

18.6 

471.0 

GOX HEAT EXCH IN 

1670.5 

465.6 

GOX MEAT EXCH OUT 

1661.9 

465.3 

FSOV IMJET 

1661.9 

465.3 

FSOV EXIT 

1620.4 

465.4 

CHAMBER INJ 

1587.3 

465.5 

CHAMBER 

1491.7 



FLOW 

ENTHALPY 

DENSITY 

7,45 

-107.5 

4.37 

7.45 

-103.0 

4.59 

7.45 

-103.0 

4.59 

7.45 

-27.1 

4.50 

7.45 

48.6 

4.58 

7.45 

123.9 

4.67 

7.45 

123.9 

4.65 

7.45 

1837.8 

1.11 

0.37 

1837.8 

1.10 

0.37 

1837.8 

0.54 

7.08 

1837.8 

1.10 

7.08 

1788.0 

1.02 

7.08 

1788.0 

1.02 

7.08 

1549.3 

0.68 

7.08 

1549.3 

0.66 

7.08 

1549.5 

0.66 

7.08 

1544.5 

0.65 

7.08 

1544.5 

0.64 

7.08 

1544-5 

0.64 

7.08 

1542.0 

0.64 

7.08 

1542.0 

0.64 

0.0127 

1556.8 

0.0074 

7.44 

1556.8 

0.63 

7-44 

1555.4 

0.62 

7.44 

1555.4 

0.62 

7.44 

1555.4 

0.61 

7.44 

1555.4 

0.60 


STATION 
8.P. IM-ET 
B.P. EXIT 
PUM» IM-ET 
PUW> EXIT 

02 TANK PRESS 
OCV IW^T 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


• OXYGEN SYSTEM CONDITIONS • 


PRESS 

TEMP 

FLOH 

ENTHALPY 

16.0 

162.7 

44.7 

61.1 

1 35. 6 

163.2 

44.7 

61.5 

135.6 

163.2 

44.7 

61.5 

2415.8 

173.8 

44.7 

69-3 

16.0 

400.0 

0.076 

204.7 

2391.7 

173.9 

44.6 

69.3 

1674.2 

176.6 

44.6 

61.3 

1640.9 

176.7 

44.6 

61.3 

1491 . 7 




• 

VALVE DATA ■ 


DELTA P 

AREA 

FLOM 

X BYPASS 

1926. 

0.02 

0.37 

5.00 

42. 

2-14 

7.44 


718. 

0,29 

44.64 


• 

INJECTOR 

DATA ■ 


DELTA P 

AREA 

FLOW 

VELOCITY 

112. 

1.47 

7.44 

1218-70 

166. 

0.65 

44 . 64 

140.06 


DENSITY 
71.17 
71.20 
71.20 
71 .AS 
0.12 
71. A1 
70.50 
70. AA 
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TABLE 31. — FULL-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ TURBOHACHI^CRY PERFORMANCE DATA • 


» H2 BOOST TURBINE « ■ K2 BOOST PIM> > 


EFFICIENCY 

(T/T) 

0.834 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.458 

HORSEPOICR 

48. 

SPEED 

(RPM) 

41277. 

SPEED (RPM) 

41277. 

MEAN OIA 

(IN) 

1 .45 

S SPEED 

3B48. 

EFF AREA 

(IN2) 

2.72 

HEAD (FT) 

2494. 

U/C (ACTUAL) 

0.534 

DIA. (IN) 

2.43 

MAX TIP SPEED 

374- 

TIP SPEED 

439. 

STAGES 


1 

VOL. FLOW 

742. 

GAmA 


1.3^ 

HEAD COEF 

0.458 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1.02 



HORSEPOICR 


48. 




EXIT MACH NUMBER 0.11 
SPECIFIC SPEED 150.00 
SPECIFIC DIAMETER 0.53 


• HZ TURBINE • 



■ 1C PUM» • 






STAGE OIC STAGE TWO 

1 

i 

EFFICIENCY 

(T/T) 

0.849 

EFFICIENCY 

0.727 

0.724 

0.725 

EFFICIENCY 

(T/S) 

0.830 

HORSEPOICR 

800. 

797. 

794. 

SPEED 

(RPN) 

125000. 

SPEED (RPMl 

125000. 

125880. 

125000. 

HORSEPOICR 


2391. 

SS SPEED 

11347. 



ICAM DIA. 

(IN) 

2.44 

S SPEED 

1142. 

1134. 

1131. 

EFF AREA 

(IN2) 

0.34 

►CAD (FT) 

42954. 

42738. 

42491. 

U/C (ACTUAL) 

0.550 

DIA. (IN) 

3.04 

3.04 

3.04 

MAX TIP SPEED 

1445. 

TIP SPEED 

1458. 

1458. 

1458. 

sta(;es 


2 

VOL. FLOW 

744. 

730. 

717. 

GAmA 


1.39 

►CAD CrOEF 

0.503 

0.500 

0.497 

PRESS RATIO 

(T/T) 

1.78 

FLOW COEF 

0.119 



PRESS RATIO 

(T/S) 

1 .84 

DIAMETER RATIO 

0.415 



EXIT MAC» HUMBER 

0.19 

BEARING ON 

3.00E*04 



SPECIFIC SPEED 

41.19 

SHAFT DIAICTER 

24.00 



SPECIFIC DIAICTER 

1.33 






• 02 BOOST TURBINE • 


■ 02 BOOST PUM» » 


EFFICIENCY 

(T/T) 

0.877 

EFFICIENCY 

0.744 

EFFICIENCY 

(T/S) 

0.740 

HORSEPOICR 

24. 

SPEED 

(RPH) 

11054. 

SPEED (RPM) 

11054. 

MEAN DIA 

( IN) 

4.11 

S SPEED 

3024. 

EFF AREA 

( 1N2 ) 

3 .89 

FCAD (FT) 

242. 

U/C (ACTUAL ) 

0.553 

OIA. (IN) 

2.72 

MAX TIP SPEED 

232, 

TIP SPEED 

132. 

STAGES 


I 

VOL, FLOW 

282. 

GAMMA 


1.39 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 




HORSEPOWER 2< . 
EXIT HACH HUMBER 0.0< 
SPECIFIC SPEED »4.f5 
SPECIFIC DIAMETER 0-M 


■ 02 TURBINE ■ 


EFFICIENCY 

(T/Tl 

0.850 

EFFICIENCY 

(T/S) 

0.782 

SPEED 

(RPM) 

43804. 

HORSEPOICR 


498. 

MEAN DIA 

( IN) 

2.44 

EFF AREA 

(1N2) 

0.51 

U/C (ACTUAL) 

0.435 

MAX TIP SPEED 

749. 

STAGES 


1 

GAMiA 


1.39 

PRESS RATIO 

(T/T) 

1.12 

PRESS RATIO 

(T/S) 

1 .13 

EXIT MACH NUMBER 

0.11 

SPECIFIC SPEED 

47.44 

SPECIFIC DIAMETER 

1.35 


■ 02 PIR«» • 


EFFICIENCY 

0.747 

HORSEPOICR 

498. 

SPEED (RPMl 

43804. 

SS SPEED 

20937. 

S SPEED 

1918. 

HEAD (FT) 

4581. 

DIA. (IN) 

2.11 

TIP SPEED 

588. 

VOL. FLOW 

280. 

HEAD COEF 

0.424 

FLOW COEF 

0.159 

DIAMETER RATIO 

0.484 

BEARING DN 

1 .40E*04 

SHAFT DIA#CTER 

22.00 
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TABLE 32. — FULL-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 155A.5 

VAC ENGINE THRUST 57560. 

TOTAL ENGINE FLOW RATE 78. 

DEL. VAC- ISP A79.9 

THROAT AREA 15.72 

NOZZLE AREA RATIO 1000.0 

nozzle exit DIAMETER 152.U 

ENGINE MIXTURE RATIO 6-00 

ETA C* 0.»»5 

CHAMBER COOLANT DP 

CHAMBER COOLANT DT 376- 

NOZZLE /CHAMBER Q 16125. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS « 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. IM-ET 

18.4 

57.4 

11.18 

-107.5 

4.57 

B.P. EXIT 

100.7 

38.5 

11.18 

-103.0 

4.59 

PU>r 1H>ET 

100.7 

58.5 

11.18 

-183.0 

4.39 

1ST STAGE EXIT 

1267.4 

51.4 

11.18 

-59.0 

4.52 

2ND STAGE EXIT 

2440.2 

44.3 

11.18 

25.0 

4.62 

PUMP EXIT 

5473.5 

74.4 

11.18 

89.2 

4.69 

COOLANT INLET 

5454.4 

77.0 

11.18 

89.2 

4.68 

COQLMfT EXIT 

5250.7 

452,5 

11.18 

1550.9 

1.17 

TBV IftET 

3218.2 

452.7 

0.56 

1550.9 

1.16 

TBV EXIT 

1494.5 

459.5 

0.56 

1550.9 

0.57 

02 TRB I«_ET 

3218.2 

452.7 

10.63 

1550.9 

1.16 

02 TRB EXIT 

2875.4 

442.7 

10.65 

1487.4 

1.07 

K2 TRB IW_ET 

2875.4 

442.7 

10.63 

1487.4 

1.07 

H2 TRB EXIT 

1425.9 

394.1 

10.65 

1285.1 

0.72 

K2 TRB DIFFUSER 

1581.6 

394.2 

10.63 

1285.1 

0.70 

K2 BST TRB IN 

1545.8 

394.2 

10.63 

1285.1 

0.70 

K2 BST TRB OUT 

1545.3 

393.1 

10.63 

1288.3 

0.69 

K2 BST TRB DIFF 

1550.1 

393.1 

10.63 

1280.3 

0.68 

02 BST TRB IN 

1514.8 

393.2 

10.63 

1280.3 

0.67 

02 BST TRB OUT 

1505.5 

592.5 

10.63 

1277.8 

0.67 

02 BST TRB DIFF 

1502.0 

392.5 

10.63 

1277.8 

0.67 

K2 tank press 

18.4 

398.6 

0.0225 

1290.4 

0.0088 

GOX ICAT EXCH IN 

1494.5 

395.8 

11.16 

1290.4 

0.66 

GOX ICAT EXCH OUT 

1487.0 

395.5 

11.16 

1289.0 

0.66 

FSOV I«_ET 

1487.0 

395.5 

11.16 

1289-0 

0.66 

FSOV EXIT 

1449.9 

595.6 

11.16 

1289-0 

0.64 

CHAMBER INJ 

1420.3 

395.6 

11.16 

1289.0 

0.65 

CHAMBER 

1554.9 






« OXYGEN SYSTEM 

CONDITIONS 

■ 


STATION 

PRESS 

TEMP 

FLOM 

enthalpy 

DENSITY 

B.P. IHJET 

14.0 

162.7 

67.1 

61.1 

71 .17 

B.P. EXIT 

155.4 

163.2 

67.1 

61.5 

71.20 

PUMP IIA.ET 

155.4 

163.2 

67.1 

61.5 

71.20 

PUMP EXIT 

2142.0 

172.5 

67.1 

68.3 

71.65 

02 TAMC PRESS 

14.0 

400.0 

0. 114 

204.7 

0.12 

OCV I«JET 

2140.4 

172.4 

67.0 

68.3 

71.62 

OCV EXIT 

1498.5 

174.9 

67.0 

68-3 

70.61 

CHAMBER INJ 

1468.4 

175.0 

67.0 

68.5 

70.57 

CHAMBER 

1534.9 






• 

VALVE DATA ■ 



VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


TBV 

1724. 

0.03 

0.56 

5.00 


FSOV 

57. 

5.50 

11.16 



OCV 

442. 

0.47 

66.97 




■ 

INJECTOR 

DATA « 



INJECTOR 

DELTA P 

AREA 

FLOW 

VELOCITY 


FUEL 

100. 

2.Z8 

11.16 

1117.82 


LOX 

148. 

1.05 

66.97 

152.38 
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TABLE 32. — FULL-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ TURbOHACHINERY PERFORHANCE DATA « 


* H2 BOOST TURBI^C ■ 


EFFICIENCY 

CT/T) 

0.8A7 

EFFICIENCY 

(T/S) 

0.A75 

SPEED 

(RPM) 

33715. 

MEAN DIA 

( IN) 

1 . 78 

EFF AREA 

C IN2 ) 

3.90 

U/C (ACTUAL) 

0.S36 

MAX TIP SPEED 

372. 

STAGES 


1 

gamma 


1.41 

PRESS RATIO 

(T/T ) 

1.01 

PRESS RATIO 

(T/S) 

1.03 

HORSEPOHER 


72. 

EXIT MACH NUMBER 

0.12 

SPECIFIC SPEED 

150.00 

SPECIFIC diameter 

0.54 


• H2 BOOST • 


EFFICIENCY 

0.7(5 

HORSEPOktR 

72. 

SPEED (RPM) 

33715. 

S SPEED 

3047. 

HEAD (FT) 

2497. 

DIA. (IN) 

2.98 

TIP SPEED 

439. 

VOL. FLOM 

1144. 

(CAD COEF 

0.450 

FLOH COEF 

0.201 


« H2 TURBINE • « H2 P(M> * 


STAGE 0»C STAGE TIC STAGE THREE 


EFFICIENCY 

(T/T) 

0.881 

EFFICIENCY 

0.754 

0.752 

0.752 

EFFICIENCY 

(T/S) 

0.834 

HORSEPOHER 

1012. 

1015. 

1015. 

SPEED 

(RPM) 

107143. 

SPEED (RPM) 

107143. 

107 145. 

107143. 

HORSEPOWER 


3042. 

SS SPEED 

11905. 



MEAN DIA. 

{ IN) 

2.45 

S SPEED 

1325. 

1510. 

1300. 

EFF AREA 

(IN2) 

0.55 

(CAD (FT) 

37518. 

57553. 

3 7495. 

U/C (ACTUAL) 

0.550 

DIA. (IN) 

3.37 

5.37 

3.37 

MAX TIP SPEED 

1373. 

TIP SPEED 

1575. 

1575. 

1575. 

STAGES 


2 

VOL. FLOW 

lilt. 

1087. 

1049. 

GAMMA 


1 .41 

(CAD COEF 

0.487 

0.487 

0.484 

PRESS RATIO 

(T/T) 

1.77 

flow COEF 

0.130 



PRESS RATIO 

(T/S) 

I .83 

DIA(CTER RATIO 

0.451 



EXIT MACH NUMBER 

0.21 

BEARING DN 

3.00E«04 



SPECIFIC SPEED 

70.25 

SHAFT DIAMETER 

28.00 




SPECIFIC DIAMETER 1.18 


» 02 BOOST TURBINE ■ 


• 02 BOOST PIA^ • 


EFFICIENCY 

(T/T) 

0.887 

EFFICIENCY 

(T/S) 

0 . 752 

SPEED 

(RPM) 

9024. 

MEAN DIA 

( IN) 

5.03 

EFF AREA 

( IN2) 

CD 

U/C (ACTUAL! 

0.553 

HAX TIP SPEED 

231. 

STAGES 


1 

GAMMA 


1.41 

PRESS RATIO 

(T/T ) 

1.01 

PRESS RATIO 

(T/S) 

1 .01 

HORSEPOWER 


39. 

EXIT MACH NUMBER 

0.04 

SPECIFIC SPEED 

93.77 

SPECIFIC DIAMETER 

0.91 


EFFICIENCY 

0.744 

HORSEPOWER 

39. 

SPEED (RPM 1 

9024. 

S SPEED 

5024. 

HEAD (FT) 

242. 

OIA. (IN) 

3.34 

TIP SPEED 

132. 

VOL. FLOW 

423. 

HEAD COEF 

0.450 

FLOW COEF 

0.200 


• 02 TURBINE ■ 


EFFICIENCY 

(T/T) 

0.880 

EFFICIENCY 

(T/S) 

0 .823 

SPEED 

(RPM) 

49349. 

HORSEPOWER 


453. 

MEAN OIA 

( IN) 

2.45 

EFF AREA 

( IN2) 

0.79 

U/C (ACTUAL) 

0.544 

MAX TIP SPEED 

44 7. 

STAGES 


2 

GAMMA 


1.41 

PRESS RATIO 

(T/T ) 

1.12 

PRESS RATIO 

(T/S) 

1 .13 

EXIT MACH NUMBER 

0. 10 

SPECIFIC SPEED 

80.41 

SPECIFIC DIAMETER 

1.03 


• 02 PUMP ■ 


EFFICIENCY 

0.740 

HORSEPOWER 

453. 

SPEED (RPM) 

49349. 

SS SPEED 

19842. 

S SPEED 

1984. 

HEAD (FT) 

4071. 

DIA. (IN) 

2.54 

TIP SPEED 

552. 

VOL. FLOW 

420. 

HEAD COEF 

0.431 

FLOW COEF 

0.142 

DIAMETER RATIO 

0.484 

BEARING ON 

1 .38E<04 

SHAFT DIAMETER 

28.00 
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TABLE 33. — FULL-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORHAMCE PARAMETERS 


chamber PRESSURE 

\l^2.Z 

VAC ENGINE TWIST 

50000 . 

TOTAL ENGINE FLOM RATE 

lOA. 18 

DEL. VAC. ISP 

679.9 

THROAT AREA 

18,19 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIAlCTER 

152-19 

engine MIXTURE RATIO 

6.00 

ETA C* 

0.993 

CHAMBER COOLANT DP 

361 . 

CHAMBER COOLANT OT 

365. 

NOZZLE/CMAMBER Q 

20902. 


ENGItC STATION COMIITIONS 


STATION 
B-P. I^tXT 
8.P. EXIT 
POMP IH_ET 
1ST STAGE EXIT 
2ND STAGE EXIT 
POMP EXIT 
COOLANT INLET 
COOLANT EXIT 
TBV IM^ET 
TBV EXIT 
02 TRB IM-ET 
02 TRB EXIT 
H2 TRB IM.ET 
H2 TRB EXIT 
H2 TRB DIFFUSER 
H2 BST TRB IN 
H2 BST TRB OUT 
M2 BST TRB DIFF 
02 BST TRB IN 
02 BST TRB OUT 
02 BST TRB DIFF 
H2 TAKK press 
GOX HEAT EXCH IN 
GOX MEAT EXCH OUT 
FSOV IfC-ET 
FSOV EXIT 

chamber INJ 
CHAMBER 


STATION 
B.P. IKRJET 
B.P. EXIT 
PUMP INLET 
PUMP EXIT 

02 TAMt PRESS 
OCV INLET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

TBV 

FSOV 

OCV 


INJECTOR 

FUEL 

LOX 


* FUEL SYSTEM COWITIONS ■ 


PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

18.6 

37.4 

14.91 

-107.5 

4.37 

100.7 

38.5 

14.91 

-103.0 

4.39 

100.7 

58.5 

14.91 

-103.0 

4.39 

1260.0 

51.0 

14.91 

-40.6 

4.53 

2A69.2 

63.2 

14.91 

22.0 

4.64 

5666.8 

75.1 

14.91 

84 .8 

4.76 

3630.1 

75.4 

14.91 

84 .8 

6.72 

3268. S 

440.8 

14.91 

1486.4 

1.20 

3236.1 

440.9 

0-75 

1486.4 

1.19 

1502.6 

447.3 

0.75 

1486.4 

0.59 

3236.1 

440.9 

14.17 

1486.4 

1 .19 

2886.1 

451.0 

14.17 

1443.2 

1.10 

2884.1 

451.0 

14.17 

1443.2 

1 .10 

1637.4 

383.9 

14.17 

1245.3 

0.76 

1590.4 

384.0 

14.17 

1245.3 

0.72 

1574.5 

384.0 

14.17 

1245.3 

0.72 

1551,5 

382.8 

14.17 

1240.6 

0.71 

1538.6 

582.9 

14.17 

1240.6 

0-70 

1523.2 

582.9 

14.17 

1240.6 

0.69 

1511.7 

382.3 

14.17 

1238.0 

0.69 

1510.1 

382.3 

14.17 

1238.0 

0.69 

18.6 

387.9 

0.0309 

1250.4 

0.0090 

1502.6 

585.5 

14.88 

1250.4 

0 . 68 

1495.1 

385.1 

14.88 

1249.0 

0.68 

1495.1 

585.1 

14.88 

1249.0 

0 . 68 

1457.7 

385.2 

14.88 

1249.0 

0.66 

1428.0 

585.3 

14.88 

1249.0 

0.65 

1 342 . 5 





» OXYGEN SYSTEM 

CONDITIONS 



PRESS 

TEW 

FLOW 

ENTHALPY 

DENSITY 

16.0 

162.7 

89.4 

61 . 1 

71.17 

135.6 

163.2 

89.4 

61.5 

71.20 

135.6 

163.2 

89.4 

61.5 

71.20 

2173.9 

172.2 

89.4 

68.3 

71.69 

16.0 

400.0 

0.151 

204 . 7 

0.12 

2152-2 

172.3 

89.3 

68.3 

71.65 

1506.5 

174.7 

89.3 

68.3 

70.66 

1476.5 

174.8 

89.3 

68.3 

70.60 

1342.3 





■ 

VALVE DATA • 



DELTA P 

AREA 

FLOW 

X BYPASS 


1733. 

0.03 

0.75 

5.00 


37. 

4.32 

14.88 



646. 

0.62 

89.30 



• 

INJECTOR 

DATA • 



DELTA P 

AREA 

FLOW 

VELOCITY 


101. 

2.98 

14.88 

1104.05 


149. 

1.37 

89.30 

132.72 
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TABLE 33. — FULL-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


« turbomachinerv performance data • 


» K2 BOOST TURBINE « 

• 

H2 BOOST PUK> • 


EFFICIENCY tT/T) 

0.861 

EFFICIENCY 

0.765 


EFFICIENCY IT/S) 

0.AS9 

HORSEPOCR 

96. 


SPEED CRPM) 

29195. 

SPEED (RPM) 

29193. 


MEAN OIA (INI 

2.0A 

S SPEED 

3047. 


EFF AREA (1N2) 

S.08 

HEAD 

(FT) 

2696. 


U/C (ACTUAL) 

0.535 

DIA. 

(IN) 

3.44 


MAX TIP SPEED 

568. 

TIP SPEED 

439. 


STAGES 

1 

VOL. 

FLOW 

1525. 


GAMMA 

1.59 

FCAO 

COEF 

0.450 


PRESS RATIO (T/T) 

1.01 

FLOW 

COEF 

0.201 


PRESS RATIO (T/S) 

1.05 





HORSEPOWER 

96. 





EXIT MACH NUMBER 

0.12 





SPECIFIC SPEED 

150.00 





SPECIFIC DIAMETER 

0.5< 





» HZ TURBINE « 



» H2 PUMP 

• 





STAGE ONE 

STAGE TWO 

STAGE THREE 

EFFICIENCY CT/T) 

0.890 

EFFICIENCY 

0.766 

0.765 

0.764 

EFFICIENCY (T/S) 

0.857 

HORSEPOCR 

1317. 

1323. 

1326. 

SPEED (RPM) 

100000. 

SPEED (RPM) 

100000. 

100000. 

100000. 

HORSEPOWER 

5966. 

SS SPEED 

12853. 



MEAN DIA. (IN) 

2.81 

S SPEED 

1435. 

1415. 

1399. 

EFF AREA nN2) 

0.75 

HEAD (FT) 

37200. 

57299. 

37355. 

U/C (ACTUAL) 

0.550 

DIA. (IN) 

3.63 

5.63 

3.63 

MAX TIP SPEED 

1373. 

TIP SPEED 

1585. 

1585. 

1585. 

STAGES 

2 

VOL. flow 

K78. 

1443. 

1412. 

(^AMMA 

1.39 

HEAD CBEF 

0.4 76 

0.478 

0.479 

PRESS RATIO (T/T) 

1.76 

FLOW COEF 

0.136 



PRESS RATIO (T/S) 

1.83 

DIA)«TER RATIO 

0.479 



EXIT MACH NUMBER 

0.22 

BEARING ON 

3.00E*06 



SPECIFIC SPEED 

75.88 

SHAFT DIAMETER 

30.00 



SPECIFIC DIAMETER 

1.10 





** 02 BOOST TURBINE » 

« 

« a 

02 BOOST P(0*> • 



EFFICIENCY (T/T) 

0.896 

EFFICIENCY 

0,764 

EFFICIENCY (T/S) 

0.761 

HORSEPOICR 

51. 

SPEED (RPM) 

7816. 

SPEED (RPM) 

7816. 

MEAN DIA (INI 

CO 

S SPEED 

3026. 

EFF AREA (1N2) 

7.24 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.555 

DIA. (IN) 

3.85 

MAX TIP SPEED 

230. 

TIP SPEED 

132. 

STAGES 

1 

VOL. FLOW 

564. 

GAMMA 

1.39 

)€AO COEF 

0.450 

PRESS RATIO (T/T) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO (T/S) 

1.01 



HORSEPOWER 

51. 



EXIT MACH NUMBER 

0.04 



SPECIFIC SPEED 

93.13 



SPECIFIC DIAMETER 

0.92 



« 02 TURBINE •» 


« 02 PUMP • 


EFFICIENCY (T/T) 

0.8 78 

EFFICIENCY 

0.769 

EFFICIENCY (T/S) 

0.819 

HORSEPOI^ 

866. 

SPEED (RPM) 

42723. 

SPEED (RPM) 

42723. 

HORSEPOWER 

866. 

SS SPEED 

19827. 

MEAN DIA (IN) 

2.81 

S SPEED 

1976. 

EFF AREA (IN2) 

1.02 

►CAD (FT) 

4093. 

U/C (ACTUAL) 

0.503 

OIA. (IN) 

2. 95 

MAX TIP SPEED 

601 . 

TIP SPEED 

551. 

STAGES 

2 

VOL. FLOW 

560. 

GAMMA 

1-39 

HEAD COEF 

0.434 

PRESS RATIO (T/T) 

1.12 

FLOW COEF 

0.161 

PRESS RATIO (T/S) 

1.13 

DIAMETER RATIO 

0.686 

EXIT MACH NUMBER 

0.10 

BEAR I NG DN 1 

.28E*06 

SPECIFIC SPEED 

78.94 

SHAFT DIAMETER 

30.00 


SPECIFIC DIAMETER 0.98 
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TABLE 34. — SPLIT-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 12^7.9 
VAC ENGINE THRUST 7500. 
TOTAL ENGH« FLOW RATE 15.65 
DEL. VAC. ISP 679.9 
THROAT area 2-95 
NOZZLE AREA RATIO 1000.0 

nozzle exit diameter 61.12 

ENGINE MIXTURE RATIO 6.00 
eta C" 0-993 
CHAMBER COOLANT DP 1112. 
chamber coolant DT 995. 
NOZZLE/CMAMBER Q 6087. 


EMGIfC STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. IM-ET 

18.6 

57.6 

2.25 

-107.5 

6.37 

B.P. EXIT 

100.7 

58.5 

2.23 

-103.0 

6.39 

PUMP I»<^ 

100.7 

58.5 

2.25 

-103-0 

6.39 

1ST STAGE EXIT 

1 7S6 . 6 

65.6 

2-25 

10-7 

6.31 

JBV Ift-ET 

1721 .5 

65.9 

1 .12 

10.9 

6.29 

JBV EXIT 

1665. 2 

67.8 

1.12 

10.9 

6.09 

2ND STAGE EXIT 

5105.7 

92.5 

1.12 

119.1 

6.18 

PUMP EXIT 

6556.6 

116.6 

1.12 

218.8 

4.16 

COOLANT 

6511.0 

116.7 

1 . 12 

218.8 

4.12 

COOLANT EXIT 

5198.8 

1110.0 

1 . 12 

5876.7 

0.50 

TBV 

5166.8 

1110.2 

0.06 

5876.7 

0.50 

TBV EXIT 

1670.1 

1122.5 

0.06 

3876.7 

0.26 

02 TRB I*C£T 

5166.8 

1110.2 

1 . 06 

38 76. 7 

0.50 

02 TRB EXIT 

285 1.0 

1087.6 

1.06 

5788.8 

0.66 

K2 TRB INLET 

285 1.0 

1087.6 

1.06 

5788-8 

0.66 

K2 TRB EXIT 

1560.2 

966.9 

1.06 

5529-9 

0,29 

K2 TRB DIFFUSER 

1562.9 

965.0 

1.06 

3329.9 

0.29 

K2 BST TRB IN 

1527.5 

965.0 

1.06 

3329.9 

0.29 

H2 BST TRB OUT 

1508.2 

962.5 

1.06 

5320.4 

0.28 

H2 BST TRB DIFF 

ISOS. 2 

962.5 

1.06 

5520.4 

0.28 

02 BST TRB IN 

1688. 1 

962.6 

1.06 

5520.4 

0.28 

02 BST TRB OUT 

1678.2 

961 .2 

1.06 

5515.2 

0 .28 

02 BST TRB DIFF 

1677.5 

961 .2 

1 .06 

3515.2 

0,28 

H2 TANK PRESS 

18.6 

979.5 

0.0018 

5343.5 

0.0036 

COX HEAT EXCH IN 

1670.1 

969.5 

1 . 12 

3345.3 

0.27 

GOX HEAT EXCH OUT 

1662.8 

968.6 

1 . 12 

5560.5 

0.27 

MIXER HOT IN 

1662.8 

968.6 

1 ,12 

3360.5 

0.27 

MIXER CXXJ) IN 

166S.2 

67.8 

1.12 

10.9 

6.09 

MIXER OUT 

1589.6 

698.7 

2.23 

1676.6 

0-69 

FSOV INLET 

1589.6 

698.7 

2.23 

1676.6 

0.69 

FSOV EXIT 

1556.9 

698.9 

2.23 

1676.6 

0.68 

CHAMBER INJ 

1561.5 

698.9 

2.23 

1676.6 

0.68 

CHAMBER 

1267.9 






m OXYGEN SYSTEM 

CONDITIONS 

• 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

13.6 

6 1.1 

71.17 

B.P. EXIT 

155.6 

165.2 

13.6 

61.5 

71,20 

PUMP INLET 

155.6 

165.2 

13.6 

61 .5 

71.20 

PUMP EXIT 

2020.9 

173.0 

13,6 

68.6 

71 .61 

02 TAWC PRESS 

16.0 

600.0 

0,023 

206.7 

0.12 

OCV IMJET 

2000.7 

175.1 

15.6 

68.6 

71 .38 

OCV EXIT 

1600.5 

175.6 

15.6 

68.4 

70.65 

chamber INJ 

1586.5 

175.4 

15.6 

68.4 

70.61 

CHAMBER 

1267.9 






« 

VALVE data * 



VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


JBV 

258. 

0.05 

1 .12 

o 

o 

o 


TBV 

1697. 

0.00 

0.06 

5.00 


FSOV 

55. 

0.79 

2.25 



OCV 

600. 

0.10 

15.60 




- 

INJECTOR 

DATA « 



injector 

delta p 

AREA 

FLOW 

VELOCITY 


FUEL 

95. 

0.51 

2.23 

1238.05 


LOX 

159. 

0.20 

15.60 

128.16 
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TABLE 34. — SPLIT-EXPANDER ENGINE — 7500 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ TURBOMACHInERV PERFORMANCE DATA • 


* H2 BOOST TURBINE « ■ K? BOOST PUMP ■ 


EFFICIENCY 

(T/T ) 

0.78? 

EFFICIENCY 

0. 765 

EFFICIENCY 

(T/S ) 

0.S8 7 

HORSEPOWER 

U. 

SPEED 

(RPM) 

7S<539 . 

SPEED (RPM) 

75*539. 

MEAN 01 A 

( IN) 

] . 16 

S SPEED 

30<56 . 

EFF AREA 

C 1N2 ) 

0 .67 

►CAD (FT ) 

2697. 

U/C (ACTUAL) 

0.S55 

DIA. (IN) 

1 .33 

MAX TIP SPEED 

. 

TIP SPEED 

<539- 

STAGES 


I 

VOL. FLOW 

228. 

GAMMA 


1 .A2 

►CAD COEF 

0. A50 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1 . 02 



HORSEPOWER 


U . 



EXIT MACH NUMBER 

0.07 



SPECIFIC SPEED 

120.28 



SPECIFIC DIAMETER 

0.68 




«> H2 TURBI^C « ■ K2 PUMP • 


STAGE ONE STAGE TWO STAGE THREE 


EFFICIENCY 

(T/T) 

0.776 

EFFICIENCY 

0.621 

0.563 

0.557 

EFFICIENCY 

(T/S) 

0.759 

HORSEPOWER 

560. 

171 . 

158. 

SPEED 

(RPM) 

187500. 

SPEED (RPM) 

187500. 

187500. 

187500. 

►40RSEP0WER 


689. 

SS SPEED 

9310. 



MEAN DIA. 

(IN) 

2.28 

S SPEED 

796. 

656. 

688. 

EFF AREA 

( 1N2) 

0.09 

HEAD (FT) 

55008. 

65817. 

63238. 

U/C (ACTUAL) 

0.550 

DIA. UN) 

2.26 

2.13 

2.13 

MAX TIP SPEED 

1933. 

TIP SPEED 

18<7. 

1763. 

1763 . 

STAGES 


2 

VOL. FLOW 

235. 

120. 

121 . 

(iAMMA 


I .A2 

HEAD COEF 

0.519 

0.685 

0,658 

PRESS RATIO 

(T/T) 

1 .83 

FLOW COEF 

0.097 



PRESS RATIO 

(T/S) 

00 

DIAMETER RATIO 

0.327 



EXIT MACH NUMBER 

0. 13 

BEARING ON 

3.00E^06 



SPECIFIC SPEED 

31.97 

SHAFT DIAMETER 

16.00 




SPECIFIC DIAMETER 2.3*5 


*• 02 BOOST TURBINE ■ ■ 02 BOOST PlPC • 


EFFICIENCY 

(T/T) 

0 .811 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.739 

HORSEPOkCR 

8. 

SPEED 

(RPM) 

20181 . 

SPEED (RPM) 

20181 . 

MEAN DIA - 

(IN) 

5. 19 

S SPEED 

3026. 

EFF AREA 

( IN2) 

0.96 

HEAD (FT) 

262. 

ktirZ '(ACTUAL) 

0.553 

DIA. UN) 

1.69 

max tip speed 

307. 

TIP SPEED 

132. 

stages 


1 

VOL. FLOW 

85. 

CiAMMA 


1 .62 

►CAD CXCF 

0.650 

PRESS RATIO 

(T/T ) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

I .01 



HORSEPOWER 


8 . 



EXIT MACH NUMBER 

o 

o 



SPECIFIC SPEED 

61 .32 



SPECIFIC DIAMETER 

1 .30 




• 02 TURBINE ■ "02 PUMP • 


EFFICIENCY 

(T/T ) 

0. 778 

EFFICIENCY 

0.702 

EFFICIENCY 

(T/S) 

0.750 

HORSEPOWER 

132. 

SPEED 

(RPM) 

109665. 

SPEED (RPM) 

109665. 

HORSEPOCR 


132. 

SS SPEED 

19676. 

MEAN DIA 

UN) 

2.28 

S SPEED 

2077. 

EFF AREA 

UN2) 

0.13 

►CAD (FT) 

3801 . 

U/C (ACTUAL) 

0.519 

DIA. (IN) 

1 . 16 

max tip SPEED 

1130. 

TIP SPEED 

566. 

STAGES 


1 

VOL. FLOW 

86. 

GAMMA 


1.62 

►CAD COEF 

0.610 

PRESS RATIO 

(T/T) 

1 . 1 1 

FLOW COEF 

0. U5 

PRESS RATIO 

(T/S) 

1 . 12 

DIAMETER RATIO 

0.687 

EXIT MACH NUMBER 

0,07 

BEAR IMG ON 

1.3l£*06 

SPECIFIC SPEED 

30.59 

SHAFT DiAfCTER 

12.00 


SPECIFIC DIAMETER 2.33 
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TABLE 35. - SPLIT-EXPANDER ENGINE - 15,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


EMGIHE PERfORMAMCE PARAMETERS 


CHAMBER PRESSURE 


VAC ENGIKC Th«UST 

ISOOO. 

TOTAL ENGIK: FLOM RATE 

il .ZS 

DEL. VAC. ISP 

480.0 

TFROAT AREA 

A . 9 1 

nozzle area ratio 

1000.0 

nozzle EXIT D1A>CTER 

.03 

ENGIVC MIXTURE RATIO 

6.00 

ETA C- 

0.T93 

CHAMBER COOLANT DP 

S3A. 

chamber COOLANT DT 

lOK. 

NOZZLE /CHAMBER Q 

8357. 


emgik: station conditions 


■ FUEL SYSTEM CONDITIONS » 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. IM_ET 

18.6 

37.6 

6.67 

-107.5 

6 , 37 

B-P. EXIT 

100.3 

38.5 

6.67 

-103.0 

6 . 39 

PUMP INLET 

100.3 

38.5 

6.67 

-103.0 

6.39 

1ST STAGE EXIT 

2103. S 

71-0 

6.67 

36.3 

6.31 

JBV INLET 

2061.5 

71-6 

2.23 

36,3 

6 . 28 

JBV EXIT 

1752.3 

73.6 

2.23 

36.3 

6.07 

2ND STAGE EXIT 

3276.3 

90.0 

2.23 

116.1 

6 . 50 

PUMP EXIT 

6608.2 

107-9 

2.23 

196.6 

6.31 

COOLANT INLET 

6366 . 1 

108.2 

2,23 

196.6 

6.29 

COOLANT EXIT 

3830.6 

1122.2 

2.23 

3935.2 

0 .59 

TBV INLET 

3792-3 

1122.5 

0.11 

3935-2 

0.58 

TBV EXIT 

1761.6 

1137-0 

0.11 

3935.2 

0 . 28 

02 TRB inlet 

3792.3 

1122.5 

2.12 

3935.2 

0.58 

02 TRB EXIT 

3361.7 

1096.3 

2.12 

3832-9 

0.56 

H2 TRB IM-ET 

3361.7 

1096.3 

2-12 

3832.9 

0.56 

H2 TRB EXIT 

1866.0 

975.8 

2.12 

3375.0 

0 . 36 

H2 TRB DIFFUSER 

1866.0 

975.9 

2.12 

1375.0 

0 . 36 

H2 BST TRB IN 

1827.6 

975.9 

2.12 

3375.0 

0 . 36 

H2 BST TRB OUT 

1805.6 

973.6 

2. 12 

3365.5 

0 . 33 

H2 BST TRB DIFF 

1800.6 

973.5 

2.12 

3365.5 

0 . 33 

02 BST TRB IN 

1 782 .6 

973-6 

2.12 

3365.5 

0 . 33 

02 BST TRB OUT 

1771.0 

972.2 

2.12 

3360.6 

0.53 

02 BST TRB DIFF 

1770.3 

972.2 

2.12 

3360.6 

b.33 

H2 tank press 

18.6 

992-7 

0.0036 

3389.1 

0.0035 

GOX HEAT EXCH IN 

1761.6 

980,5 

2.23 

3389.1 

0.52 

GOX HEAT EXCH OUT 

1 752 . 6 

979.8 

2.23 

3386.6 

0.32 

MIXER HOT IN 

1752.6 

979.8 

2.23 

3386.6 

0 . 32 

MIXER COLD IN 

1752.5 

73.6 

2-23 

56.5 

6 .07 

MIXER OUT 

1665.0 

507.2 

6.66 

1709.0 

0.S8 

FSOV inlet 

1665.0 

507.2 

4.66 

1709.0 

0.58 

FSOV EXIT 

1623.3 

507.6 

6.66 

1709.0 

0.56 

CHAMBER INJ 

1607.1 

507.6 

6.66 

1709.0 

0.56 

CHAMBER 

1696.3 






■ OXYGEN SYSTEM 

CO»CIT]ONS 

■ 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P. inlet 

16.0 

162.7 

26.8 

61.1 

71.17 

B-P. EXIT 

135,6 

165.2 

26.8 

61.5 

71.20 

PUMP INLET 

135.6 

163.2 

26.8 

61.5 

71.20 

PUMP EXIT 

2620.1 

176.3 

26.8 

69.5 

71 .58 

02 tank press 

16.0 

600.0 

0.065 

206,7 

0 . 12 

OCV INLET 

2395.9 

176.6 

26.8 

69.5 

71.56 

OCV EXIT 

1677,1 

177.1 

26.8 

69.5 

70.62 

CHAMBER INJ 

1660.3 

177.2 

26.8 

69.5 

70.39 

CHAMBER 

1496.3 






• 

VALVE DATA ■ 



VALVE 

DELTA P 

AREA 

FLOM 

X BYPASS 


JBV 

309. 

0.09 

2.23 

50.00 


TBV 

2031 . 

0.01 

0.11 

5.00 


FSOV 

62. 

1.36 

6.66 



OCV 

719- 

0.18 

26.79 




• 

injector 

DATA • 



injector 

DELTA P 

AREA 

FLOM 

VELCCITY 


FUEL 

113. 

0.85 

6.66 

1266.55 


LOX 

166. 

0.57 

26.79 

160.26 
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TABLE 35. — SPLIT-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


• turbokackinerv performance data • 


* H2 BOOST Turbine ■ • h2 boost pump • 


EFFICIENCY 

(T/T ) 

0.8)5 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0. 62« 

HORSEPOWER 

28. 

SPEED 

(RPM) 

53228. 

SPEED (RPM) 

53228. 

MEAN DIA 

{ INI 

1 . AA 

S SPEED 

3051 . 

EFF AREA 

( IN2) 

1 . 15 

MEAD (FT) 

268A . 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

1 .88 

MAX TIP SPEED 

A 75. 

TIP SPEED 

A38. 

STAGES 


I 

VOL. FLOW 

657. 

GAMMA 


I .AA 

HEAD COEF 

0.A50 

PRESS RATIO 

(T/T) 

1 .01 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1.02 



HORSEPOMER 


28. 



EXIT KACH NUMBER 

0.05 



SPECIFIC SPEED 

116.15 



SPECIFIC DIAMETER 

0.72 




• H2 TURBINE « 



• H2 PUMP 

m 






STAGE ONE 

STAGE TMO 

STAGE JHtEE 

EFFICIENCY 

(T/T) 

0.786 

EFFICIENCY 

0.623 

0.615 

0.62) 

EFFICIENCY 

(T/S) 

0.770 

HORSEPOICR 

868. 

259. 

248. 

SPEED 

(RPH) 

136363. 

SPEED (RPM) 

136363. 

136363. 

136363. 

HORSEPOCR 


13 75. 

SS SPEED 

9607 . 



r^AN DIA. 

( IN) 

3.06 

S SPEED 

710. 

748. 

765. 

EFF AREA 

(IN2) 

0.15 

HEAD (FT) 

66570. 

39185. 

37954. 

U/C (ACTUAL) 

0.557 

DIA. (IN) 

3.36 

2.66 

2.66 

MAX TIP SPEED 

1886. 

TIP SPEED 

1990. 

1582. 

1583. 

STAGES 


2 

VOL. FLOW 

665. 

235. 

233. 

GAMMA 


1.66 

FCAD COEF 

0.561 

0.503 

0.488 

PRESS RATIO 

(T/T ) 

1 .80 

FLOW COEF 

0.090 



PRESS RATIO 

(T/S) 

1.83 

DIAMETER RATIO 

0.309 



EXIT MACH NUMBER 

0.12 

BEARING DN 

3.00E>06 



SPECIFIC SPEED 

30.55 

SHAFT DIAMETER 

22.00 



SPECIFIC DIAMETER 

2.61 






» 02 BOOST TURBINE « 

• 02 BOOST 

PUMP » 

E*"F1CIENCY 

(T/T ) 

0.827 

EFFICIENCY 

0.766 

EFFICIENCY 

(T/S) 

0.760 

HORSEPOWER 

15. 

SPEED 

(RPM) 

I427I . 

SPEED (RPM) 

16271. 

MEAN DIA 

(IN) 

4.50 

S SPEED 

3026. 

EFF AREA 

(IK2) 

1.60 

FCAD (FT) 

262. 

U/C (ACTUAL) 

0.553 

OlA. (IN) 

2.11 

MAX TIP SPEED 

306 . 

TIP SPEED 

132. 

STAGES 


1 

VOL. FLOW 

169. 

GAMMA 


1.66 

HEAD COEF 

0.650 

PRESS RATIO 

(T/T ) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S ) 

1 .0) 



HORSEPOWER 


15. 



EXIT MACH NUMBER 

0.03 



SPECIFIC SPEED 

57.69 



SPECIFIC DIAMETER 

1.39 




■ 02 TURBIK: • *02 PUMP ■ 


EFFICIENCY 

(T/T) 

0.782 

EFFICIENCY 

0.730 

EFFICIENCY 

(T/S) 

0.758 

HORSEPOWER 

307. 

SPEED 

(RPM) 

82994. 

SPEED (RPH) 

82994. 

HORSEPOWER 


307. 

SS SPEED 

21095. 

MEAN DIA 

(IN) 

3.06 

S SPEED 

1929. 

EFF AREA 

( IK2) 

0.20 

HEAD (FT) 

4595. 

U/C (ACTUAL) 

0.489 

DIA. (IN) 

1 .64 

MAX TIP SPEED 

1146. 

TIP SPEED 

593. 

STAGES 


1 

VOL. FLOW 

168. 

GAMMA 


1.44 

HEAD COEF 

0.420 

PRESS RATIO 

(T/T) 

1.13 

FLOW COEF 

0.159 

PRESS RATIO 

(T/S) 

1,13 

DIAMETER RATIO 

0.686 

EXIT MACH NUMBER 

0.06 

bearing DN 

1 .69E*06 

SPECIFIC SPEED 

27.29 

SHAFT DIAMETER 

18.00 

SPECIFIC diameter 

2,47 
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TABLE 36. — SPLIT-EXPANDER ENGINE — 25,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORMANCE PARA>€TERS 


chamber pressure 

ISS9.9 

VAC ENGINE THRUST 

2S000. 

total engine flow RATE 

SZ.Ofl 

DEL . VAC . I SP 

A80.Q 

THROAT AREA 

7.8J 

NOZZLE AREA RATIO 

1030.0 

NOZZLE EKIT DIAMETER 

99 .88 

ENGINE MIXTURE RATIO 

6.00 

ETA C* 

0 . 995 

chamber coolant dp 

S39. 

chamber coolant DT 

90S. 

NOZZLE/CHAMBER 0 

1ZA85- 


ENGINE STATION CONDITIONS 


« FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B-P- INLET 

18.6 

37-6 

7.65 

-107.5 

6.37 

B.P. EXIT 

100.8 

38-5 

7.65 

-103.0 

6.39 

PUMP IK.ET 

100.8 

38.5 

7.65 

-103.0 

6.39 

1ST STAGE EKIT 

2195.6 

67.8 

7.65 

27.6 

6.66 

JBV I«jET 

2151.7 

68.2 

3.72 

27.5 

6.61 

JBV EKIT 

1828. 9 

70.8 

3.72 

27.5 

6 . 19 

2ND STAGE EXIT 

3396.2 

86.1 

3.72 

102.2 

6.67 

PUMP EKIT 

6583.6 

99.8 

3.72 

175.3 

6.51 

COOLANT INLET 

6537.7 

100.2 

3.72 

175.3 

6.69 

COOLANT EXIT 

3998.5 

1006.9 

3.72 

3528.3 

0.68 

TBV INLET 

3958.5 

1005.2 

0-19 

3528.3 

0.67 

TBV EKIT 

1858.3 

1019-9 

0.19 

3528.3 

0.52 

02 TRB INLET 

3958.5 

1005.2 

3.56 

3528.3 

0.67 

02 TRB EXIT 

3689.3 

978.6 

3.56 

3623.9 

0.62 

M2 TRB INLET 

3689.3 

978.6 

3.56 

3623.9 

0.62 

M2 TRB EXIT 

1969.5 

866.0 

3.56 

2993.7 

0.60 

M2 TRB DIFFUSER 

1928.6 

866.1 

3.56 

2993.7 

0.60 

M2 BST TRB IN 

1909-6 

866.1 

3,56 

2993.7 

o 

o 

M2 BST TRB OUT 

1885.0 

863.7 

3.56 

2986. 1 

0.39 

M2 BST TRB DIFF 

1880.0 

863.8 

3-56 

2986.1 

0.39 

02 BST TRB IN 

1861.2 

863.9 

3.56 

2986. 1 

0.38 

02 BST TRB OUT 

1868.5 

862.5 

3-56 

2979.0 

0 . 38 

02 BST TRB DIFF 

1867.5 

862.5 

3 .56 

2979.0 

0 . 38 

M2 TANK PRESS 

18.6 

882.3 

0.0068 

3006.6 

0.0060 

GOX MEAT EXCM IN 

1838.5 

870.6 

3-72 

3006.6 

0.38 

COX FEAT EXCM OUT 

1829.1 

869.6 

3,72 

3003.7 

0.38 

MIXER MOT IN 

1829.1 

869.6 

3 72 

3003.7 

0.38 

MIXER COLD IN 

1828.9 

70.8 

3.72 

27.5 

6.19 

MIXER OUT 

1737.6 

654.0 

7.66 

1516-2 

0.67 

FSOV IM^ET 

1737.6 

656.0 

7.66 

1516.2 

0.67 

EKIT 

1696.2 

656.1 

7.66 

1516.2 

0.65 

CHAMBER INJ 

1659.6 

656.2 

7.66 

1516.2 

0.66 

CHAMBER 

1559.9 






■ OXYGEN SYSTEM 

CONDITIONS 

« 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B-P- INLET 

16.0 

162.7 

66.7 

61.1 

71.17 

B.P- EXIT 

135.6 

163.2 

66 . 7 

61.5 

71.20 

PUMP INLET 

135.6 

163.2 

66.7 

61.5 

71.20 

PUMP EKIT 

2526 . 3 

176.3 

66.7 

69.7 

71.68 

02 TANK PRESS 

16.0 

600.0 

0 .076 

206.7 

0.12 

OCV INLET 

2501.1 

176.6 

66.6 

69.7 

71.66 

OCV EXIT 

1750.8 

177.2 

66.6 

69.7 

70.67 

CHAMBER INJ 

1715.9 

177,6 

66.6 

69 . 7 

70.61 

CHAMBER 

1559.9 






m 

valve DATA • 



VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


JBV 

32 3. 

0.15 

3.72 

50.00 


TBV 

2120. 

0.01 

0 .19 

5.00 


FSOV 

63. 

2.02 

7.66 



OCV 

750. 

0.29 

66 .66 




■ 

INJECTOR 

DATA • 



INJECTOR 

DELTA P 

AREA 

FLOW 

VELOCITY 


FUEL 

117. 

1.39 

7 .66 

1206.29 


LOX 

173. 

0.66 

66.66 

163.26 
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TABLE 36. - SPLIT-EXPANDER ENGINE - 25,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 



- 

TURBOMACMIFtRV 

PERFORMANCE DATA ■ 


■ M2 BOOST TURB1»C ■ 

• M2 BOOST 

PUMP « 

EFFICIENCY 

(T/T) 

0.873 

EFFICIENCY 

0.765 

EFFICIENCY 

(T/S) 

0.685 

MORSEPO»CR 

48. 

SPEED 

(RPM) 

41343. 

SPEED (RPM) 

41343. 

MEAN DIA 

( IN) 

2.12 

S SPEED 

3045. 

EFF AREA 

( IN2 ) 

1.68 

ICAD (FT) 

2700. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.43 

max tip SPEED 

469. 

TIP SPEED 

439. 

stages 


1 

VOL, FLOW 

761. 

GAHHA 


1.44 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1 .01 

FLOW COEF 

0.281 

PRESS RATIO 

(T/S) 

1.02 



HORSE Pt»CR 


48. 



EXIT MACH NUMBER 

0.07 



SPECIFIC SPEED 

114.44 



SPECIFIC DIAMETER 

0.75 




■ K2 TURBINE 

m 


> KZ PUM> 

■ 






STAGE 0»C 

STAGE TMO 

STAGE THRl 

EFFICIENCY 

(T/T) 

0.837 

EFFICIENCY 

8.672 

0,668 

0.670 

EFFICIENCY 

(T/S) 

0.819 

HORSEPOMER 

137S. 

594. 

385- 

SPEED 

(RPM) 

125000. 

SPEED (RPM) 

12S000. 

125000. 

125000. 

HORSEPOWER 


2153. 

SS SPEED 

11322. 



»CAN DIA. 

(IN) 

3.15 

S SPEED 

813. 

874. 

883. 

EFF AREA 

(IN2) 

0.22 

»CAD (FT) 

68187. 

38830. 

38091 . 

U/C (ACTUAL) 

0.520 

DIA. (IN) 

3.70 

2.87 

2.87 

MAX TIP SPEED 

1787, 

TIP SPEED 

2019. 

1566. 

1565. 

STAGES 


2 

VOL. FLOW 

754. 

374. 

371 . 

GAMMA 


1.44 

MEAD COEF 

• .538 

0.510 

0.500 

PRESS RATIO 

(T/T) 

1.79 

FLOW COEF 

• .098 



PRESS RATIO 

(T/S) 

1 .82 

DIAMETER RATIO 

• .341 



EXIT MACH NUMBER 

0.13 

BEARING ON 

3.00e*06 



SPECIFIC SPEED 

36.39 

SHAFT DIAMETER 

24.00 



SPECIFIC diameter 

2.04 






■ 02 BOOST TURBIKC ■ 


■ 02 BOOST PUI*> » 


EFFICIENCY 

(T/T) 

0.869 

EFFICIEFCY 

0.764 

EFFICIENCY 

(T/S) 

0.803 

HORSEPOICS 

26. 

SPEED 

(RPM) 

11055. 

SPEED (RPM) 

11055. 

rCAN DIA 

(IN) 

GO 

N 

S SPEED 

3026. 

EFF AREA 

tIN2) 

2,32 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.72 

MAX TIP SPEED 

302. 

TIP SPEED 

132. 

STAGES 


1 

VOL. FLOW 

282. 

GAMMA 


1.44 

MEAD COEF 

0.450 

PRESS RATIO 

(T/T ) 

I .01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPOWER 


26. 




EXIT HACH NUKBCR 0.Q3 
SPECIFIC SPEED 55.25 
SPECIFIC diameter 1.48 


« 02 TURBINE « 


EFFICIENCY 

(T/T) 

0 .852 

EFFICIENCY 

(T/S) 

0.826 

SPEED 

(RPM) 

65070. 

HORSEPOWER 


522. 

»CAN DIA 

( IN) 

3.13 

EFF AREA 

(1N2) 

o 

o 

U/C (ACTUAL) 

0.550 

MAX TIP SPEED 

939. 

STA(5ES 


2 

GAmA 


1.44 

PRESS RATIO 

(T/T) 

1 .13 

PRESS RATIO 

(T/S) 

1 . 14 

EXIT MACH NUMBER 

0.07 

SPECIFIC SPEED 

43.98 

SPECIFIC DIA)«;TER 

1 .80 


■ 02 • 


EPFICIEMCy 

0.747 

HORSEPO»6l 

522. 

SPEED (RPM) 

65070. 

SS SPEED 

21352. 

S SPEED 

1888. 

MEAD (FT) 

4801. 

DIA. (IN) 

2.12 

TIP SPEED 

6B2. 

VOL. FL(X 

288. 

HEAD COEF 

0.426 

FLOW COEF 

0-157 

DIAMETER RATIO 

0.684 

BEARING X 

1 .43C*06 

shaft DlNCTER 

22.00 
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TABLE 37. — SPLIT-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGI^C PCRfORMANCE PARA^TERS 


CHAMBER PRESSURE 

l<i6S . 3 

VAC ENGINE T»«UST 

37S00 . 

TOTAL EMCI^C FLON RATE 

78 . 13 

del. vac. ISP 

«180 . 0 

THROAT AREA 

12. SI 

nozzle area RATIO 

1000.0 

nozzle exit DIAJtTER 

126.19 

ENGINE MIXTURE RATIO 

6.00 

eta C* 

0.993 

CHAMBER COOLANT DP 

. 

chamber coolant OT 

78<;. 

mozzle/chamber Q 

16332. 


EWIfC STATION CONDITIONS 


■ FUEL SYSTEN CONDITIONS ■ 


station 

PRESS 

TEH* 

B.P. IM-ET 

18.6 

37.6 

B.P. EXIT 

100.8 

38.5 

PtM> I»UT 

100.8 

38.5 

1ST STAGE EXIT 

2062.7 

63.6 

JBV n«-£T 

2021. S 

63.8 

JBV EXIT 

1718.2 

66.5 

STAGE EXIT 

S172.9 

76.9 

Ptf«» EXIT 

6283.6 

90.1 

COOLANT INLET 

6260.6 

90.5 

COOLANT EXIT 

37S6.2 

876.3 

TBV IfLET 

3718.6 

876. S 

TBV EXIT 

1726.8 

887.6 

02 TRB inlet 

3718.6 

876.5 

02 TRB EXIT 

3257. 5 

850.6 

K2 TRB INLET 

3257. 5 

850.6 

M2 TRB EXIT 

1861.2 

752.7 

K2 TRB DIFFUSER 

1817.0 

752.9 

H2 BST TRB IN 

1798.8 

752-9 

HZ BST TRB OUT 

1772.8 

750.6 

H2 BST TRB OIFF 

1767.8 

750.5 

02 BST TRB IN 

I7S0.1 

750.6 

02 BST TRB OUT 

1736.2 

769-2 

02 BST TRB DIFF 

1735. 6 

769.2 

KZ TAMC PRESS 

18.6 

766.5 

COX HEAT EXCH IN 

1726.8 

756.2 

GOX hCAT EXCM OUT 

1718.1 

755.5 

MIXER HOT IN 

1718.1 

755.5 

MIXER COLD IN 

1718.2 

66.5 

MIXER OUT 

1632.2 

398.8 

FSOV inlet 

1632.2 

398.8 

FSOV EXIT 

1591.6 

398-9 

OVkMBER INJ 

1S59.0 

399-0 

CHAMBER 

1665.3 



FLOM 

enthalpy 

DENS I TV 

11.17 

-107.5 

6.37 

11.17 

-103.0 

6.39 

11.17 

-103.0 

6.39 

11.17 

12.6 

6.50 

S.59 

12.6 

6.67 

S.59 

12.6 

6.27 

S.S9 

77.0 

6.56 

5.59 

160.8 

6.61 

5.59 

160.8 

6.59 

5.59 

3066.3 

0.75 

0.28 

5066.3 

0.72 

0.28 

3066.3 

0.55 

5.51 

3066.3 

0.72 

5.31 

2968.6 

0.66 

5.31 

2968.6 

0.66 

5.31 

2590.3 

0.63 

5.31 

2590.3 

0.63 

5.31 

2590.3 

0.63 

5.31 

2580. 7 

0.62 

5.31 

2580.7 

0.62 

5.31 

2580.7 

0.62 

5.31 

2575.6 

0.61 

5.31 

2575.6 

0.61 

0.0117 

2600.0 

0.0066 

5.57 

2600.0 

0.61 

5.57 

2597.2 

0.61 

5.57 

2597-2 

0.61 

5.59 

12.6 

6.27 

11.16 

1303.5 

0.71 

11.16 

1303.5 

0 .71 

11.16 

1303.5 

0.70 

11.16 

1303.5 

0.68 



« OXYGEN SYSTEM 

CONDITIONS 

« 


STATION 

PRESS 

TEH* 

FLOM 

enthalpy 

DENSITY 

B.P. IHJET 

16.0 

162.7 

67.1 

61.1 

71.17 

B.P. EXIT 

135.6 

163.2 

67.1 

61.5 

71.20 

PII4> IH.ET 

135.6 

163.2 

67.1 

61.5 

71.20 

Pl>^ EXIT 

2373-1 

173.2 

67.1 

69.0 

71.70 

02 tahc press 

16.0 

600.0 

0.113 

206.7 

0 . 12 

OCV IH_ET 

2369.3 

173.3 

67.0 

69.0 

71.66 

OCV EXIT 

1666.5 

176.0 

67.0 

69.0 

70.56 

OAMBER INJ 

1611.8 

176.1 

67.0 

69 . 0 

70.51 

Chamber 

1665.3 






- 

VALVE DATA ■ 



valve 

DELTA P 

AREA 

FLOM 

X BYPASS 


JBV 

303. 

8.23 

5.59 

o 

o 

o 

bA 


TBV 

1992. 

8.02 

0.28 

o 

o 

bA 


FSOV 

61 . 

3.02 

11.16 



OCV 

705. 

8.65 

66.97 




■ 

INJECTOR 

DATA • 



INJECTOR 

DELTA P 

AREA 

FLOM 

VELOC I TV 


FUEL 

110. 

2.08 

11.16 

1130.27 


LCX 

163. 

0.99 

66.97 

138. 75 
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TABLE 37. — SPLIT-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ turbokacminery performance data • 


• M2 BOOST TURBINE 


* H2 BOOST Pl^ • 


EFFICIENCY 

(T/T ) 

0.B8S 

efficiency 

n /S ) 

0.703 

SPEED 

(RPM) 

537S2. 

MEAN DlA 

I IN) 

2.60 

EFF AREA 

{ INC ) 

2. 3A 

U/C {ACTUAL) 

0 .S53 

MAX TIP SPEED 

A6S. 

STAGES 


1 

GAMMA 


1 . 39 

PRESS RATIO 

{ T/T ) 

1 .01 

PRESS RATIO 

(T/S) 

1 .02 

HORSEPOWER 


72. 

EXIT MACH NUMBER 

0.07 

SPECIFIC SPEED 

1 12 . IB 

SPECIFIC DIAMETER 

0.77 


EFFICIENCY 

0.76S 

HORSEPOWER 

72. 

SPEED (RPM) 

337S2. 

S SPEED 

3046 . 

^«AD (FT ) 

2700. 

OlA. (IN) 

2. 98 

TIP SPEED 

639. 

VOL. FLOW 

1 142. 

HEAD COEF 

0.450 

FLOW COEF 

0.201 


M2 TURBINE * 


■ H2 PUMP « 


STAGE C»C STAGE TWO STAGE THREE 


0.702 

SOS. 

1071A3- 

979. 
3A8B7. 
3,19 
1A91 . 
S4A. 
O-SOS 


EFFICIENCY (T/Tl 

0 .856 

EFFICIENCY 

0.704 

0.702 

EFFICIENCY (T/S) 

0.832 

HORSEPOWER 

1824. 

Sll. 

SPEED (RPM) 

107163. 

SPEED (RPM) 

107143. 

107143. 

HORSEPOWER 

2839. 

SS SPEED 

11888. 


MEAN DIA. { IN) 

3.6) 

S SPEED 

897. 

976. 

EFF AREA ( IN2 ) 

0.36 

HEAD (FT) 

632Q8. 

3S282. 

U/C (ACTUAL) 

0.548 

DIA. (IN) 

4.17 

3.19 

MAX TIP SPEED 

1771 . 

TIP SPEED 

1950. 

1491 . 

STACJES 

2 

VOL. FLOW 

1114. 

SSO. 

Gamma 

1.39 

HEAD CXIEF 

0.S35 

O.Sll 

PRESS RATIO (T/T) 

1 .77 

FLOW COEF 

0.104 


PRESS RATIO (T/S) 

1 .80 

DIAMETER RATIO 

0.364 


EXIT MACH NUMBER 

0.15 

BEARING ON 

3.00E*06 


SPECIFIC SPEED 

6 1.16 

SHAFT DIAMETER 

28.00 


SPECIFIC DIAMETER 

1 . 92 




■ 02 BOOST TURBINE ■ 

M 1 
m 

02 BOOST PUH> 

■ ■ 
■ 

EFFICIENCY (T/T) 

0.876 

EFFICIENCY 

a« 

0.744 

EFFICIENCY (T/S) 

0.812 

HORSEPOWER 

39. 

SPEED (RPM) 

9026. 

SPEED (RPM) 

9026. 

MEAN DIA (IN) 

7.12 

S SPEED 

3026. 

srr xjtLx (IK2) 

3.26 

KCAD 

(FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. 

(IN) 

3.34 

MAX TIP SPEED 

301 . 

TIP SPEED 

132. 

STAGES 

) 

VOL, 

FLOW 

423. 

GAMMA 

1 . 39 

HEAD 

COEF 

0.4SO 

PRESS RATIO (T/T) 

1.01 

FLOW 

COEF 

0.200 

PRESS RATIO (T/S) 

1 .01 





HORSEPOWER 
EXIT MACH NUMBER 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


39. 
0.03 
S3 .61 
1 .S3 


■ 02 TURBINE ■ 


EFFICIENCY 

(T/T ) 

0.8S7 

EFFICIENCY 

(T/Sl 

0 .833 

SPEED 

(RPM ) 

51439. 

HORSEPOWER 


721 . 

MEAN DIA 

(IN) 

3.61 

EFF AREA 

( IN2 ) 

0.64 

U/C (ACTUAL) 

0,522 

MAX TIP SPEED 

858. 

STAIiES 


2 

GAMMA 


1.39 

PRESS RATIO 

(T/T) 

1 .16 

PRESS RATIO 

(T/S) 

1 .15 

EXIT MACH NUMBER 

0.07 

SPECIFIC SPEED 

66 . 05 

SPECIFIC DIAMETER 

1 . 72 


■ 02 PUMP » 


EFFICIENCY 

0.760 

H0RSEP06tR 

721 . 

^PEED (RPM) 

51639. 

SS SPEED 

20673. 

S SPEED 

1921 . 

HEAD (FT ) 

4692, 

DIA. (IN) 

2.58 

TIP SPEED 

579. 

VOL. FLOW 

420. 

HEAD COEF 

0.431 

FLOW COEF 

0.159 

diameter RATIO 

0.685 

BEARING DN 

I.44E*06 

SHAFT DIAMETER 

28.00 
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TABLE 38. — SPLIT-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


EMGiNt PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 

IA06.6 

VAC ENGINE THRUST 

50000. 

TOTAL ENGINE FLOW RATE 

lOA . 18 

DEL. VAC. ISP 

<80.0 

THROAT AREA 

17.36 

NOZZLE AREA RATIO 

1000.0 

NOZZLE EXIT DIAMETER 

IA8 .69 

ENGINE MIXTURE RATIO 

6.00 

ETA C« 

0.995 

CHAMBER COOLANT DP 

<A8. 

chamber COOLANT DT 

716. 

NOZZLE/CHAMBER Q 

19957. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS » 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

18.6 

37.6 

16 . 90 

-107.5 

6.57 

B.P. EXIT 

101 .0 

38.5 

16 . 90 

- 103-0 

6.59 

PUMP inlet 

101.0 

58.5 

16.90 

-103.0 

6.59 

1ST STAGE EXIT 

1980. 1 

60.7 

16.90 

3-1 

6.54 

JBV INLET 

1960.5 

61.1 

7.65 

5-0 

6.52 

JBV EXIT 

U69.6 

65.7 

7.65 

5.0 

6.52 

2ND STAGE EXIT 

3053.6 

72.5 

7.65 

61-7 

6.61 

PUMP EXIT 

6096.6 

86.2 

7.65 

119-9 

6.67 

COOLANT I»«.ET 

6055.6 

86.6 

7.65 

119.9 

6.6S 

COOLANT EXIT 

5605.8 

800.5 

7.65 

2798.8 

0.77 

TBV ircxT 

5569.7 

800.7 

0.57 

2798.8 

0.76 

TBV EXIT 

1658.6 

812.8 

0.37 

2798.8 

0.57 

02 TRB l^LET 

5569.7 

800.7 

7.08 

2798.8 

0.76 

02 TRB EXIT 

5110.6 

778. 1 

7.08 

2708.0 

0.69 

K2 TRB INLET 

5110.6 

778. 1 

7.08 

2708.0 

0.69 

H2 TRB EXIT 

1775.1 

688.3 

7 . 08 

2561.8 

0.66 

H2 TRB DIFFUSER 

1768 .7 

688.6 

7 . 08 

2361.8 

0.65 

H2 BST TRB IN 

1751.2 

688.6 

7 . 08 

2561.8 

0.65 

M2 BST TRB OUT 

1706.0 

685.9 

7 . 08 

2352.2 

0-66 

H2 BST TRB DIFF 

1699.0 

686.0 

7 . 08 

2552-2 

0.66 

02 BST TRB IN 

1682 .0 

686. 1 

7.08 

2552.2 

0.66 

02 BST TRB OUT 

1667.6 

686.7 

7.08 

2367.1 

0 .66 

02 BST TRB DIFF 

1666.7 

686.7 

7.08 

2367.1 

0.63 

H2 TAMC PRESS 

18.6 

700.6 

0.0171 

2569.7 

0.0050 

GOX HEAT EXCH IN 

1658. 6 

691 -2 

7-63 

2369.7 

0.65 

GOX HEAT EXCH OUT 

1650.1 

690-6 

7-63 

2366-9 

0.63 

MIXER MOT IN 

1650.1 

690-6 

7.63 

2566.9 

0.65 

MIXER COLD IN 

1669.6 

63-7 

7-65 

5.0 

6.57 

MIXER OUT 

1567.6 

368.5 

16.88 

1 183-6 

0.76 

FSOV IM.ET 

1567.6 

368.5 

16.88 

1 185.6 

0.76 

FSOV EXIT 

1528 .6 

566.5 

16.88 

1185.6 

0.72 

CHAMBER INJ 

1697.2 

568.6 

16 .88 

1185.6 

0.71 

CHAMBER 

1606.6 






• OXYGEN SYSTEM 

CONDITIONS 

. 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

89.6 

61 . 1 

71.17 

B.P. EXIT 

155.6 

163.2 

89 .6 

61.5 

71.20 

PUMP INLET 

155.6 

165.2 

89.6 

61.5 

71.20 

PUMP EXIT 

22 78 . 1 

172.6 

89 .6 

68.6 

71-71 

02 TANK PRESS 

16.0 

600.0 

0.151 

206,7 

0.12 

OCV IftET 

2255-5 

172.7 

89.5 

68.6 

71-67 

OCV EXIT 

15 78.7 

175.3 

89.3 

68 .6 

70-62 

CHAMBER INJ 

1567.5 

175.6 

89.3 

68 .6 

70.57 

CHAMBER 

1606.6 






M 

VALVE DATA ■ 



VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


JBV 

291 . 

0.51 

7.65 

50.00 


TBV 

1911. 

0.02 

0.57 

5.00 


FSOV 

59. 

6.05 

16.88 



OCV 

677 . 

0.61 

89.29 




- 

INJECTOR 

DATA « 



injector 

DELTA P 

AREA 

FLOW 

VELOCITY 


FUEL 

106. 

2.77 

16.88 

1092.16 


LOX 

156- 

1.56 

89.29 

155.89 
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TABLE 38. — SPLIT-EXPANDER ENGINE — 50,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


• turbomacminerv performance data ■ 


■ H2 BOOST TURBlff ■ 

• 

H2 BOOST PUMP ■ 


EFFICIENCY (T/T) 

0.89A 

EFFICIENCY 

0.765 


EFFICIENCY (T/S) 

C.716 

HORSEPOHER 

96. 


SPEED (RPM) 

29253. 

SPEED (RPM) 

29253. 


HEAN DIA ( IN ) 

3.00 

S SPEED 

3046. 


EFF AREA ( IN2 ) 

2.98 

HEAD 

(FT) 

2705. 


U/C [ACTUAL) 

0.553 

DIA. 

(IN) 

3.44 


KAX TIP SPEED 


TIP ; 

SPEED 

440. 


STAGES 

I 

VOL. 

FLOH 

1523. 


GANHA 

1.39 

HEAD 

COEF 

0.450 


PRESS RATIO (T/T) 

1.02 

FLOH 

COEF 

0.201 


PRESS RATIO (T/S) 

1.02 





HORSEPOHER 

96. 





EXIT MACH NUMBER 

0.07 





SPECIFIC SPEED 

110.80 





SPECIFIC DIAMETER 

0.78 





• H2 TURBI^C « 



« K2 PUMP 

f « 

■ 





STAGE 0*C 

STMZ THO 

STA(X THREE 

EFTICIEMCY (T/T) 

0.871 

EFFICIENCY 

0.729 

0.727 

0.726 

EFFICIENCY (T/S) 

0.8A3 

MORSEP06CR 

2235, 

618. 

614. 

SPEED (RPM ) 

100000. 

SPEED (RPM) 

100000. 

100000. 

100000. 

HORSEPOHER 

3A66. 

SS SPEED 

12796. 



MEAN DIA. (IN) 

3.71 

S SPEED 

999. 

1097. 

1095. 

EFF AREA (IN2) 

0.A5 

fCAD (FT) 

60136. 

53143. 

32916. 

U/C (ACTUAL) 

0.550 

DIA. (IN) 

6.39 

3.33 

3.33 

MAX TIP SPEED 

1715. 

TIP SPEED 

1917. 

1455. 

1455. 

STAGES 

2 

VOL. FLOH 

1<72. 

726. 

716. 

GAMMA 

1.39 

FCAD CO£F 

0.527 

0.504 

0.501 

PRESS RATIO (T/T) 

1.75 

FLOW COEF 

0. I 10 



PRESS RATIO (T/S) 

1.79 

DIAMETER RATIO 

0.395 



EXIT MACH NUMBER 

0.16 

BEARING DN 

3.00E*06 



SPECIFIC SPEED 

<6.66 

SHAFT DIAMETER 

30.00 



SPECIFIC DIATCTER 

1.73 





■ 02 BOOST TURBIFE ■ 

■ « 
» V 

02 BOOST PUMP ■ 



EFFICIENCY (T/T) 

0.882 

EFFICIENCY 

0.764 

EFFICIENCY (T/S) 

0.819 

HORSEPOHER 

51. 

SPEED (RPM) 

7816. 

SPEED (RPM) 

7816. 

MEAN DIA (IN) 

00 

S SPEED 

3026. 

AREA (IN2 ) 

4,12 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

3.85 

MAX TIP SPEED 

300. 

TIP SPEED 

132. 

STAGES 

1 

VOL. FLOH 

564. 

GAMMA 

1-39 

MEAD COEF 

0.450 

PRESS RATIO (T/Tl 

I .01 

FLOW COEF 

0.200 

PRESS RATIO (T/S) 

1.01 



HORSEPOHER 

51. 



EXIT MACH NUMBER 

0.03 



SPECIFIC SPEED 

52.65 



SPECIFIC DIAMETER 

1.56 



• 02 TURBINE " 


« C2 PUMP « 


EFFICIENCY (T/T) 

0.853 

EFFICIENCY 

0.769 

EFFICIENCY (T/S) 

0.827 

HORSEPOHER 

910. 

SPEED (RPM) 

43615 . 

SPEED (RPM) 

43615. 

HORSEPOHER 

910. 

SS SPEED 

20241 . 

MEAN DIA (IN) 

3.71 

S SPEED 

1943. 

EFF AREA (IN2 ) 

0.58 

fCAD (FT) 

4300. 

U/C (ACTUAL) 

0.468 

DIA. (IN) 

2.97 

MAX TIP SPEED 

756. 

TIP SPEED 

565. 

STAGES 

2 

VOL. FLOH 

560. 

GAMMA 

1,39 

HEAD COEF 

0.434 

PRESS RATIO (T/T) 

1.15 

FLOH COEF 

0.160 

PRESS RATIO (T/S) 

1.15 

DIAMETER RATIO 

0.686 

EXIT MACH NUMBER 

0.07 

BEARING DN 1 

.31E*06 

SPECIFIC SPEED 

43.45 

SHAFT DIATCTER 

30.00 

SPECIFIC DIAMETER 

1 .57 
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TABLE 39. — DUAL-EXPANDER ENGINE - 7500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGl^C PERFORKAMCE PARAMETERS 


chamber pressure 

1300.1 

VAC ENGIf« Th«UST 

7S00. 

TOTAL EMGIK: flow RATE 

IS .63 

DEL. VAC- ISP 

79 .«! 

THROAT AREA 

2.82 

N022LE AREA RATIO 

1000.0 

N02ZLE EXIT DIAMETER 

S9 .88 

ENGINE MIKTIPE RATIO 

6.00 

ETA C« 

0.993 

CHAMBER COOLANT DP 

<i07. 

CMAMKR COOLANT DT 

i«39. 

nozzle COOLANT DP 

18<;. 

NOZZLE COOLANT DT 

S24 . 

CHAMBER 0 (HYDROGEN CXXXED) 

3 78 7 - 

NOZZLE 0 (OXYGEN CMOLED) 

2*;35. 


EMGI»C STATION CXINDITIONS 


« FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEI«» 

FLOW 

ENTHALPY 

DENSITY 

B.P. IW_ET 

18.6 

37.4 

2.24 

-107.5 

4.37 

B.P. EXIT 

101. 1 

58.5 

2.24 

-105.0 

4.39 

PUM> INLET 

101 . 1 

58.5 

2.24 

-103.0 

4.59 

1ST STAGE EXIT 

1752.7 

65.0 

2.24 

8.6 

4.32 

PIP«» EXIT 

5311.8 

89.8 

2.24 

1 16.4 

4.51 

COOLANT I FEET 

5278.7 

90.0 

2.24 

116.4 

4 . 50 

COOLANT EXIT 

2871.6 

529.5 

2.24 

1809.9 

0.91 

TBV INLET 

28A2.9 

529.6 

0. 11 

1809.9 

0.90 

TBV EXIT 

IA48.6 

535-9 

0. U 

1809.9 

0.48 

H2 TRB INLET 

2BA2.9 

529-6 

2.12 

1809.9 

0.90 

M2 TRB EXIT 

1S32.A 

472.1 

2.12 

1579.0 

0.57 

M2 TRB DIFFUSER 

U99.6 

472.2 

2.12 

1579.0 

0.56 

H2 BST TRB IN 

1A8A.6 

4 72.2 

2.12 

1579.0 

0.56 

M2 BST TRB OUT 

U63.1 

471.0 

2.12 

1574.2 

0.55 

H2 BST TRB DIFF 

UA8.A 

471.1 

2.12 

1574.2 

0.54 

K2 TANK PRESS 

18.6 

479.0 

0.0037 

1586.0 

0.0075 

FSOV INLET 

1A48 .6 

474.2 

2.23 

1586.0 

0 .54 

FSOV EXIT 

1412.2 

474.4 

2.23 

1586.0 

0.55 

CHAMBER IHJ 

1385.4 

474.5 

2.23 

1586.0 

0.52 

CHAMBER 

1300.5 






■ OXYGEN SYSTEM 

CONDITIONS 

• 


STATION 

PRESS 

TE^•> 

FLOW 

ENTHALPY 

DENSITY 

B.P. IfCET 

16.0 

162.7 

13.4 

61 . 1 

71.17 

B.P. EXIT 

135.6 

165.2 

15.4 

61.5 

71.20 

PUMP IM-ET 

155.6 

163.2 

15.4 

61.5 

71.20 

PIP#> EXIT 

4749.6 

187.8 

13.4 

78.7 

71.57 

COOLANT INLET 

4702.1 

168.0 

15.4 

78.7 

71.50 

COC*_AHT EXIT 

4518.5 

711.9 

13.4 

260.2 

17.66 

OTBV INLET 

4518.5 

711-9 

0.6 

260.2 

17.66 

OTBV EXIT 

2194.9 

690.5 

0.6 

260.2 

9.59 

02 TRB INLET 

4518.5 

711-9 

n .5 

260.2 

17.66 

02 TRB EXIT 

2597.7 

615.6 

11.5 

240.1 

11.77 

02 TRB DIFFUSER 

2194.9 

612.5 

11.5 

240. 1 

10.87 

02 BST TRB IN 

4518.5 

711.9 

1.3 

260-2 

17.66 

02 BST TRB OUT 

4485. 7 

697.0 

1-3 

256.1 

18.01 

02 BST TRB DIFF 

4484.3 

697.0 

1 .3 

256-1 

18 . 00 

08TV INLET 

4484 . 5 

697.0 

1 .3 

256.1 

IB. 00 

OBTV EXIT 

2194.9 

674.5 

1.3 

256.1 

9.66 

MIXER 

2194.9 

622.0 

15.4 

242.6 

10.66 

02 TANK PRESS 

16.0 

572.9 

0.016 

242.6 

0.08 

OC^ INLET 

2085.2 

620.2 

13.4 

242.6 

10.18 

(X^( EXIT 

1459.6 

608.7 

15.4 

242.6 

7.29 

CHAMBER INJ 

1430.6 

408.1 

15.4 

242.6 

7.16 

CHAMBER 

1500.3 






- 

VALVE data ■ 



VALVE 

delta p 

AREA 

FLOW 

X BYPASS 


OTBV 

2324. 

0.01 

0.60 

5.00 


TBV 

1394. 

0.01 

0.11 

5.00 


FSOV 

36. 

0.74 

2.23 



OBTV 

2289. 

0.01 

1 . 34 



CCV 

626. 

0.25 

13.39 




• 

INJECTOR 

DATA M 



injector 

DELTA P 

AREA 

FLOW 

VELOCITY 


FUEL 

98 . 

O.Sl 

2.23 

1217.82 


LOX 

14S. 

0.66 

13.39 

410. S9 
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TABLE 39. - DUAL-EXPANDER ENGINE - 7500 LBF THRUST {COPPER 
GROOVED CHAMBER) (CONTINUED) 


« turbohaouw:ry performamcf ■ 


» H2 BOOST TURBINE ■ • KZ BOOST PUMP • 


EFFICIENCY (T/T) 

0.708 

EFFICIEXTY 

0.765 


EFFICIENCY CT/S) 

0.366 

H0RSEP>« 

14. 


SPEED (RPM) 

755A8. 

SPEED (RPM) 

75548. 


MEAN DIA UN) 

0.82 

S SPEED 

3043. 


EFF AREA (IN2) 

0.90 

HEAD 

(FT) 

2 708. 


U/C I ACTUAL) 

0.SS3 

DIA. 

(IN) 

1.33 


max TIP SPEED 

392. 

TIP SPEED 

440. 


STAGES 

1 

VOL. 

FlOM 

229. 


GAMMA 

l.AO 

HEAD 

COEF 

0.450 


PRESS RATIO (T/T) 

1.01 

FLOM 

COEF 

0.201 


PRESS RATIO (T/S) 

1.03 





HORSEPQICR 

U. 





EXIT MACH HUMBER 

0.12 





SPECIFIC SPEED 

K3.69 





SPECIFIC DIAMETER 

0.S2 





■ K2 TURBII>C ■ 



■ M2 PUW» • 






STAGE C»C 

STAGE TWO 

EFFICIENCY (T/T) 

0.781 

EFFICIENCY 

0.623 


0.628 

EFFICIENCY (T/S) 

0.7A9 

HORSEPOkCR 

353. 


341. 

SPEED (RPM) 

187500. 

SPEED (RPM) 

187500. 

187500. 

HORSEPOICR 

694. 

SS SPEED 

9288. 



MEAN DIA. (IN) 

2.22 

S SPEED 

805. 


822. 

EFF AREA (IN2) 

0.12 

HEAD (FT) 

54135. 

52690. 

U/C (ACTUAL) 

0.535 

DIA. (IN) 

2.24 


2.24 

max tip SPEED 

1890. 

TIP SPEED 

1834. 


I83<. 

STAGES 

1 

VOL. FLOW 

232. 


233. 

(;amha 

1.40 

MEAD COEF 

0.518 


0.504 

PRESS RATIO (T/T) 

1 .86 

FLOW CXEF 

0.097 



PRESS RATIO (T/S) 

1.91 

DIAMETER RATIO 

0.329 



EXIT MACH HUMBER 

0.18 

BEARING DN 

3.S0E*06 



SPECIFIC SPEED 

32.34 

SHAFT DIAMETER 

16.00 



SPECIFIC DiAPtTER 

2.28 






• 02 BOOST TURBINE • 


EFFICIENCY 

(T/T ) 

0.797 

EFFICIE>CV 

(T/S) 

0.752 

SPEED 

(RPM) 

20)87. 

ICAN DIA 

( IN) 

2.83 

EFF AREA 

(IN2) 

0.08 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

263. 

STACKS 


t 

GAMMA 


1.63 

PRESS RATIO 

(T/T) 

1.01 

PRESS RATIO 

(T/S) 

1.01 


HORSEPOlO* 8. 
EXIT MACH HUMBER 0.02 
SPECIFIC SPEED ftl.09 
SPECIFIC DIAMETER 1.88 


> CC BOOST PUMP « 


EPFICieCY 

0.764 

HORSEP3CR 

8. 

SPEED (RPM) 

20187. 

S SPEED 

3026. 

HEAD (FT) 

242. 

DIA. (IN) 

1.49 

TIP SPEED 

132. 

VOL. 

85. 

HEAD COEF 

0.450 

FLOW COEF 

0.200 


* 02 TURBINE « 


EFFICIENCY 

(T/T) 

0.811 

EFFICIENCY 

(T/S) 

0.697 

SPEED 

(RPM) 

154919, 

HORSEP06CR 


326. 

MEAN DIA 

( IN) 

0.82 

EFF AREA 

(IN2) 

0.12 

U/C ( ACTUAL ) 

0.553 

MA.X TIP SPEED 

640. 

STACIES 


1 

GAMMA 


1.63 

PRESS RATIO 

(T/T) 

1 .88 

PRESS RATIO 

(T/S) 

2.12 

EXIT MACH HUMBER 

0.34 

SPECIFIC SPEED 

85.40 

SPECIFIC DIAMETER 

0.95 


• 02 PUMP ■ 


EFFICI£>CY 

0.693 

HORSEPOCR 

326. 

SPEED (RPM) 

154919, 

SS SPEED 

27838. 

S SPEED 

1502. 

HEAD (FT) 

9282. 

OIA. (IN) 

1.22 

TIP SPEED 

826. 

VOL- R^OH 

84. 

MEAD COEF 

0.4 38 

FLOW COEF 

0.139 

DIAMETER RATIO 

0.669 

BEARIKi ON 

1 .55£*06 

SHAFT aIA^eTER 

10.00 
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TABLE 40. - DUAL-EXPANDER ENGINE - 15,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


EMC DC performance PARAMETERS 


CHAMBER PRESSURE 

HAD. A 

VAC ENGINE Tt«UST 

ISOOO. 

TOTAL ENGINE FLOW RATE 

51 .Z« 

DEL. VAC. ISP 


T»«OAT AREA 

(.Al 

mozzle area ratio 

1000.0 

nozzle EXIT DIAMETER 

90.3 7 

E»d»C MIXTURE RATIO 

A. 00 

ETA C« 

0.993 

chamber coolant dp 

34B. 

CHAMBER COOLANT DT 

354. 

nozzle coolant dp 

203. 

nozzle COOLANT DT 

AOA. 

CHAIQER Q (HYDROGEN COOLED) 

Also. 

nozzle Q (OXYGEN COOLfD) 

398A. 


ENCIIC STATION CONDITIONS 


STATION 
B.P. IM^T 
B.P. EXIT 
PUHP IlfJET 
1ST STAGE EXIT 
PUMP EXIT 
COOLANT I^CET 
COOLANT EXIT 
TBV IH_ET 
TBV EXIT 
K2 TRB INLET 
KZ TRB EXIT 
HZ TRB DIFFUSER 
HZ BST TRB IN 
HZ BST TRB OUT 
HZ BST TRB DIFF 
HZ TAMC PRESS 
FSOV I»€-ET 
FSOV EXIT 
CHAMBER INJ 
CHAMBER 


STATION 
B.P. I*t£T 
B.P. EXIT 
PUMP l»C£T 
PUMP EXIT 
COOLANT INLET 
COOLANT EXIT 
OTBV INLET 
OTBV EXIT 
02 TRB IM.ET 
OZ TRB EXIT 
OZ TRB DIFFUSER 
OZ BST TRB IN 
OZ BST TRB OUT 
OZ BST TRB DIFF 
OBTV IIA.ET 
OBTV EXIT 
MIXER 

OZ TAMC PRESS 
OCV I»tET 
OCV EXIT 
CHAMBER INJ 
CHAMBER 


VALVE 

OTBV 

TBV 

FSOV 

OBTV 

OCV 


injector 

FUEL 

LOX 


• FUEL SYSTEM COWITIONS ■ 


PRESS 

TE»6» 

FLOM 

ENTHALPY 

DENSITY 

18. A 

57. A 

4.47 

-107.5 

4.57 

100.8 

58. S 

4.47 

-103.0 

4.59 

100.8 

58. S 

4.47 

-103. a 

4.59 

IS7A.1 

S5.A 

4.47 

-2A.5 

4.45 

2AAA.2 

71. A 

4.47 

49.2 

4.50 

2A19.7 

71.9 

4.47 

49. Z 

4.49 

2ZS2.2 

A28.0 

4,47 

1425. A 

0.S9 

2229.7 

A26.1 

0.22 

1425. A 

0.88 

1270. A 

A51.0 

0.22 

1423. A 

0.52 

2229.7 

A28.1 

4.25 

1425. A 

0.88 

15S5.A 

589.1 

4.25 

12A3.4 

O.Al 

1319.9 

589.2 

4.25 

12A5.4 

O.AO 

1S0A.7 

589.2 

4.25 

12A3.4 

O.AO 

12BA.9 

388.1 

4.25 

1258. A 

0.59 

1270. A 

588.1 

4.25 

1256. A 

0.58 

18. A 

392.? 

O.0092 

1ZAA.9 

0.0089 

1270. A 

390.2 

4.47 

12AA.9 

0.58 

1258.8 

390.5 

4.47 

12AA.9 

0.5A 

1213. A 
MAO. A 

590.5 

4.47 

1ZAA.9 

0.55 

m OXYGEN SYSTEM 

corciTioNS 

• 


PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

lA.O 

1A2.7 

2A.B 

Al.l 

71,17 

15S.A 

1A3.Z 

2A.B 

A1.5 

71.20 

1S5.A 

1A5.2 

2A.8 

Al.S 

71 .20 

AA82.S 

18S.7 

2A.8 

77.7 

71.82 

AASS.7 

18S.9 

2A.8 

77.7 

71.75 

AAS3.1 

590.2 

2A.8 

22A.S 

21 .91 

AA33.1 

S90.2 

1-2 

22A.3 

21.91 

192S.5 

554. A 

1.2 

22A.3 

10.85 

AA35.1 

590.2 

22.9 

22A.3 

21.91 

2151. S 

491 .8 

22.9 

207.3 

14.35 

I92S.S 

ABA. A 

22.9 

207.3 

15.12 

A4S5. 1 

590.2 

2.7 

22A.5 

21.91 

A39A.8 

57A.2 

2.7 

222.2 

22.45 

A393.2 

57A.2 

2.7 

222.2 

22.44 

A595.2 

57A.2 

2.7 

222.2 

22.44 

192S.S 

559.7 

2.7 

222.2 

It.ZA 

192S.5 

494.9 

2A.8 

209. A 

12. 7A 

lA.O 

422.5 

0.045 

209. A 

O.U 

1829.3 

492.5 

ZA.8 

209. A 

12.19 

1260. S 

47A.2 

2A.B 

209. A 

8.77 

12SS.0 

IIAO.A 

475,5 

2A.8 

209, A 

O.AO 

• 

VALVE DATA ■ 



DELTA P 

AREA 

FLOM 

t BYPASS 


2S06. 

0.01 

1.21 

5.00 


9S9. 

0.01 

0.22 

5.00 


32. 

1.54 

4.47 



2AAB. 

0.02 

2.AB 



5A9. 

0.49 

2A.79 



■ 

INJECTOR 

DATA « 



DELTA P 

AREA 

FLOM 

VEL(X:iTY 


8A . 

1 .OA 

4.47 

1100.17 


127. 

1.28 

2A.79 

350.97 
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TABLE 40. — DUAL-EXPANDER ENGINE — 15,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


TURBOWACHINERY PERFORKANCE DATA 


M2 BOOST TURBiKt 


» H2 TlMINE • 


■ M2 BOOST PUMP ■ 


efficiency 

(T/T ) 

0.743 

EFFICIENCY 

0.765 

EFFICIENCY 

(T/S) 

0.594 

HORSEPOWER 

29. 

SPEED 

(RPM) 

55548. 

SPEED (RPM) 

53348. 

MEAN DIA 

( IN) 

1.16 

S SPEED 

3045. 

EFF AREA 

( IN2 ) 

1 .75 

MEAD (FT) 

2702. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

1 .89 

MAX TIP SPEED 

589. 

TIP SPEED 

439. 

STAGES 


I 

VOL. FLOW 

458. 

GA>«4A 


1.58 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1.02 

FLOW COEF 

0.201 

PRESS RATIO 

(T/S) 

1.03 



HORSEPOHER 


29 . 



EXIT MACH NUMBER 

0.13 



SPECIFIC SPEED 

146.46 



SPECIFIC DIAICTER 

0.52 




EFFICIENCY 

(T/T) 

0.815 

EFFICIENCY 

0.695 

0.49S 

EFFICIENCY 

(T/S) 

0.767 

H0RSEPO6CR 

485. 

479. 

SPEED 

(RPM) 

136363. 

SPEED (RPM) 

136363. 

136563. 

HORSEPOWER 


964. 

SS SPEED 

9571. 


MEAN OIA. 

(IN) 

2.63 

S SPEED 

999. 

1001. 

EFF AREA 

(IN2) 

0.29 

MEAD (FT) 

41375. 

40897. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.71 

2-71 

MAX TIP SPEED 

1653. 

TIP SPEED 

1612. 

1612. 

STAGES 


1 

VOL. FLOW 

452. 

446. 

(;amma 


I .38 

HEAD COEF 

0.512 

0.506 

PRESS RATIO 

(T/T) 

1 .65 

FLOW COEF 

0.110 


PRESS RATIO 

(T/S) 

1.70 

DIAMETER RATIO 

0.381 


EXIT MACX HUMBER 

0.20 

BEARING DM 

3.00E*06 


SPECIFIC SPEED 

43.19 

SHAFT DIAMETER 

22.00 


SPECIFIC DIJUCTER 

1 .81 





■ 02 BOOST TURBINE 


02 BOOST PUMP 


EFFICIENCnr 

(T/T) 

0.808 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.765 

HORSEPOWER 

IS. 

SPEED 

(RPM) 

14271 - 

SPEED (RPM) 

14271. 

)ON DIA 

(IN) 

4.01 

S SPEED 

3026. 

^CFF AREA 

(IN2) 

0.14 

HEAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2.11 

MAX TIP SPEED 

261 . 

TIP SPEED 

132. 

STAGES 


1 

VOL. FLOW 

169. 

gamma 


1 . 78 

MEAD COEF 

0.450 

PRESS RATIO 

(T/T) 

1.01 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S) 

1.01 



HORSEPOWER 


15. 



EXIT MACH NL»«ER 

0.02 



SPECIFIC SPEED 

38.28 



SPECIFIC DIA)CTER 

2.02 




02 TIABINE « 


EFFICIENCY (T/TJ 
EFFICIENCY (T/S) 
SPEED (RPM) 

HORSEPOHER 
mean DIA (IN) 

EFF AREA (IM2) 
U/C (ACTUAL) 

MAX TIP SPEED 
STAGES 
(;amma 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
EXIT MACH NUMBER 
SPECIFIC SPEED 
SPECIFIC DIAPCTER 


EFFICIENCY 
HORSEPOHER 
SPEED (RPM) 
SS SPEED 
S SPEED 
MEAD (FT) 

OlA. (IN) 

TIP SPEED 
VOL. FLOW 
HEAD COEF 
FLOW COEF 
□(AMETER RATIO 
BEARING DN 
SHAFT D1A>CTER 
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TABLE 41. - DUAL-EXPANDER ENGINE - 25,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


EMGItC PERFORMAMCf PARAMETERS 


CHAMBER PRESSURE 

1108.7 

VAC ENGINE Tt«UST 

25000. 

TOTAL ENGINE FLOM RATE 

52.10 

DEL. VAC. ISP 

475.5 

THROAT AREA 

11.00 

NOZZLE AREA RATIO 

1000. 0 

nozzle exit DIAMETER 

118.55 

ENGINE MIXTURE RATIO 

4.00 

ETA C« 

0.595 

CHAMBER COOLANT DP 

508. 

CHAMBER COOLANT DT 

517. 

nozzle COOLANT DP 

222. 

nozzle COOLANT DT 

551 . 

CHAMBER 0 (HYDROGEN COOLED) 

5055. 

NOZZLE Q (OXYGEN COOLED) 

5855. 


ENGIIC STATION CONDITIONS 


■ FUEL SVSTEM C»®ITIOMS ■ 


STATION 

PRESS 

TE»8> 

FLOM 

B.P. INLET 

18.4 

57.4 

7.44 

B.P. EXIT 

100.5 

58.5 

7.44 

PUMP INLET 

100.5 

58.5 

7.44 

1ST STAGE EXIT 

1254.4 

51.8 

7.44 

PUMP EXIT 

2584 . 4 

4A.4 

7.44 

COOLANT inlet 

2542.7 

44.8 

7.44 

COOLANT EXIT 

2055 . 1 

582.3 

7.44 

TBV INLET 

2054.4 

582.4 

0.57 

TBV EXIT 

1255.1 

584.2 

0.57 

K2 TRB INLET 

2054.4 

582.4 

7.05 

H2 TRB EXIT 

1521.4 

550.2 

7.05 

H2 TRB DIFFUSER 

1282.5 

550.2 

7.05 

H2 BST TRB IN 

1245.4 

550.2 

7.05 

M2 BST TRB OUT 

1248.5 

545.1 

7.05 

M2 BST TRB DIFF 

1235.1 

545.1 

7.05 

H2 TANK PRESS 

18.4 

551.4 

0.017) 

FSOV INLET 

1255.1 

550.8 

7.44 

FSOV EXIT 

1204.2 

550.5 

7.44 

CHAMBER INJ 

1175.7 

550.5 

7-44 

CHAMBER 

1108.7 




ENTHALPY 

-107.5 

-105.0 

-105.0 

-55.5 

25.5 

25.5 

12^5.2 

1245.2 

1245.2 

1245.2 

1105.4 

1105.4 

1105.4 

1104.8 

1104.8 

1111.7 

1111.7 

1111.7 

1111.7 



• OXYGEN SYSTEM 

CONDITIONS 

« 

STATION 

PRESS 

TE»«> 

FLOM 

ENTHALPY 

B.P. INLET 

14.0 

142.7 

44.7 

61 . 1 

B.P. EXIT 

155.4 

145.2 

44.7 

61 .5 

PUMP INLET 

155.4 

145.2 

44.7 

61 .5 

PUMP EXIT 

4855.1 

185.5 

44.7 

77.5 

COOLANT INLET 

4810.5 

185.7 

44 . 7 

77.5 

COOLANT EXIT 

4585.0 

557.0 

44.7 

205.7 

OTBV INLET 

4585.0 

557.0 

2.0 

205.7 

OTBV EXIT 

1871.0 

455.4 

2.0 

205.7 

02 TRB inlet 

4585.0 

557.0 

58.5 

209.7 

02 TRB EXIT 

2078.1 

454.8 

58.3 

150.4 

02 TRB DIFFUSER 

1871 .0 

450.5 

58.5 

150.4 

02 BST TRB IN 

4585.0 

537.0 

4.5 

205.7 

02 BST TRB OUT 

4547.5 

523.7 

4 .5 

205.6 

02 BST TRB DIFF 

4545.7 

523.7 

4.5 

205.6 

OBTV INLET 

4545.7 

525.7 

4.5 

205.6 

OBTV EXIT 

1871.0 

475.4 

4.5 

205.6 

MIXER 

1871.0 

457.7 

44.7 

152-8 

02 TANK PRESS 

14.0 

545.2 

0.087 

152.8 

OCV INLET 

1777.5 

454.7 

44.7 

152.8 

OCV EXIT 

1244.2 

415. 1 

44 . 7 

152.8 

CHAMBER INJ 

1215.5 

414.0 

44.7 

152.8 

CHAMBER 

1108.7 





■ 

VALVE data • 


VALVE 

DELTA P 

AREA 

FLOM 

X BYPASS 

OTBV 

2718. 

0.02 

2.01 

5.00 

TBV 

755. 

0.05 

0.57 

5.00 

FSOV 

51 . 

2.50 

7.44 


OBTV 

2475- 

0.04 

4.47 


OCV 

535. 

0.74 

44.66 



• 

injector 

DATA « 


INJECTOR 

DELTA P 

AREA 

FLOM 

VELOCITY 

FUEL 

84 . 

1 .72 

7-44 

1043.96 

LOX 

123. 

1.58 

44.66 

515.55 


density 
4.57 
4. 55 
4.55 
4.50 
4.55 
4.57 
0.51 
0.51 
0.57 
0.51 
0.47 
0.45 
0.45 
0.45 
0.45 
0.0100 
0.42 
0.41 
0.40 


DENSITY 

71.17 

71.20 

71.20 

71.55 

71.52 

25.58 

25.58 

12.45 

25.58 

17.04 
15.42 

25.58 

24.54 

24.55 

24.55 

15.05 
15.15 

0.14 

14.45 

10.50 

10.51 
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TABLE 41. 


— DUAL-EXPANDER ENGINE — 26,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ turbomachinery performance data 


■ H2 BOOST TURBINE ■ 


efficiency (T/T ) 
EFFICIENCY IT/S) 
SPEED (RPM) 

mean DIA (IN) 
EFF AREA ( IN2 ) 
U/C (ACTUAL) 

MAX TIP SPEED 

stages 

gamma 

PRESS RATIO IT/T) 
PRESS RATIO (T/S) 
HORSEPOWER 
EXIT MACH NUMBER 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


■ H2 BOOST PUMP ■ 


0 .82 1 

EFFICIENCY 

0.766 

0.443 

M0RSEP06CR 

48 . 

41232. 

SPEED (RPM) 

41232. 

1 .46 

S SPEED 

3049 . 

2.82 

HEAD (FT) 

2690. 

0.537 

DIA, (IN) 

2.44 

3 76 . 

TIP SPEED 

439. 

1 

VOL. FLOW 

763. 

1.36 

►CAD COEF 

0.4S0 

) .02 

FLOW COEF 

0.201 


" H2 TURBINE « 


EFFICIENCY (T/T) 
EFFICIENCY (T/S) 
SPEED (RPH) 

HORSEPOWER 
»CAN DIA. (IN) 
EFF AREA (IM2) 
U/C (ACTUAL) 

MAX TIP SPEED 

sta(;es 

GAMMA 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
EXIT MACH NlPffiER 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


EFFICIENCY 
HORSEPOWER 
SPEED (RPM) 

SS SPEED 
S SPEED 
HEAD (FT) 

DIA. (IN) 

TIP SPEED 
VOL. FLOW 
»CAD COEF 
flow CXDCF 
diameter RATIO 

bearing on 

SHAFT DIAMETER 


0.7<0 

( 70 . 

125000. 

11S«. 

1290. 

3(570. 

2.85 

15S(. 

7(4. 

0.486 

0.128 

0.442 

5.00E*06 

24.00 


0.739 

( 70 . 

125000 . 


■ 02 BOOST TURBINE 


EFFICIENCY (T/T) 
EFFICIENCY (T/S) 
SPEED (RPM) 

►CAN DIA (IN) 

EFF AREA (IN2) 
U/C TACTUAL ) 

max tip speed 
STAGES 
(^AMHA 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
HORSEPOWER 
EXIT MACH NIMBER 
SPECIFIC SPEED 
SPECIFIC DIA^CTER 


• 02 BOOST 

PUMP » 

EFFICIENCY 

0.764 

H0RSEPO6CR 

26. 

SPEED (RPM) 

11052, 

S SPEED 

5026. 

HEAD (FT ) 

242. 

DIA. (IN) 

2.72 

TIP SPEED 

132. 

VOL. FLOW 

282, 

MEAD COEF 

0.450 

FLOW COEF 

0.200 


« 02 TURBINE 


EFFICIENCY 

(T/T) 

0.877 

EFFICIENCY 

(T/S) 

0.767 

SPEED 

(RPM) 

83640. 

H0RSEP06CR 


1044. 

MEAN DIA 

( IN) 

1-49 

EFF AREA 

(IN2) 

0.31 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

617. 

STAGES 


1 

GAMMA 


1 .91 

PRESS RATIO 

(T/T) 

2.21 

PRESS RATIO 

(T/S) 

2.55 

EXIT NA(X NUMBER 

0,36 

SPECIFIC SPEED 

81.81 

SPECIFIC DIA^TER 

1.03 


EFFICIENCY 

0.736 

HORSEPOWER 

1044. 

SPEED (RPM) 

83640. 

SS SPEED 

27451 . 

S SPEED 

1458. 

►CAD (FT) 

9445. 

OlA. (IN) 

2.22 

TIP SPEED 

812. 

VOL. FLOW 

279. 

HEAD COEF 

0.461 

FLOW COEF 

0.137 

DIAMETER RATIO 

0.670 

BEARING DN 

I .51E<*06 

SHAFT DIAMETER 

18.00 
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TABLE 42 - DUAL-EXPANDER ENGINE - 37,500 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 

10A9.9 

VAC ENGINE THRUST 

J7SOO. 

TOTAL ENGINE FLOW RATE 

78- IS 

DEL. VAC- ISP 

679.8 

THROAT AREA 

17.61 

NOZZLE AREA RATIO 

1000.0 

nozzle exit DIAMETER 

168.89 

ENGINE MIXTURE RATIO 

6.00 

ETA C« 

0.995 

CHAMBER COOLANT DP 

265. 

CHAMBER COOLANT DT 

296. 

nozzle COOLANT DP 

255. 

NOZZLE COOLANT DT 

315. 

CHAMBER 0 (HYDROGEN CJDOLED) 

12600. 

NOZZLE Q (OXYGEN CCWLED) 

8115. 


ENGINE station CONDITIONS 


■FUEL SYSTEM 


STATION 

PRESS 

TE>*» 

B.P. IM-ET 

18.6 

57.4 

B.P. EXIT 

100.6 

58.5 

PUN> II4JET 

100.6 

58.5 

1ST STAGE EXIT 

1154.6 

49.9 

PUM» EXIT 

2192.1 

61.1 

COOLANT IHXT 

2170.2 

61.5 

COOLANT EXIT 

1907.1 

555.7 

TBV INLET 

1888.1 

555.7 

TBV EXIT 

1169.7 

556.9 

KZ TRB INLET 

1888.1 

555.7 

HZ TRB EXIT 

1257. 5 

527.1 

M2 TRB DIFFUSER 

1216.1 

527.1 

K2 BST TRB IN 

1206.0 

527-1 

K2 BST TRB OUT 

1182.9 

525.9 

M2 BST TRB DIFF 

1169.7 

525. 9 

K2 TAMC PRESS 

18.6 

527.4 

FSOV I«>ET 

1169.7 

527.5 

FSOV EXIT 

1160.5 

527.5 

CHAMBER IHJ 

1117.2 

527.5 

CHAMBER 

1049.9 



■ OXYGEN SYSTE 

station 

PRESS 

TEMP 

B.P. IIC£T 

16.0 

162.7 

B.P. EXIT 

155.6 

165.2 

PUMP l*tET 

155.6 

165.2 

PUM> EXIT 

4716.1 

184.0 

COOLANT IH-ET 

4668.9 

186.2 

COOLANT EXIT 

4454.5 

699.1 

OTBV IftJET 

4456.5 

699-1 

OTBV EXIT 

1772.6 

6S0.8 

02 TRB INLET 

6656.5 

699.1 

02 TRB EXIT 

1976.5 

606.5 

02 TRB DIFFUSER 

1772.6 

597.6 

02 BST TRB IN 

6656.5 

699.1 

02 BST TRB OUT 

4595.5 

686.7 

02 BST TRB DIFF 

4591.6 

686.7 

OBTV INLET 

4591.6 

686.7 

OBTV EXIT 

1772.4 

658. 1 

MIXER 

1772.4 

605.6 

02 TANK PRESS 

16.0 

295.6 

OCV INLET 

1685.8 

600.6 

OCV EXIT 

1178.7 

578.7 

CHAMBER INJ 

1155.2 

577 .5 

CHAMBER 

1049.9 



CONDITIONS ■ 


FLOH 

ENTHALPY 

DENSITY 

11.19 

-107.5 

4.37 

11.19 

-105.0 

6.39 

11.19 

-105.0 

4.39 

11.19 

-44.7 

4.51 

11.19 

9.8 

4.61 

11.19 

9.8 

4.59 

11.19 

1155.6 

0.92 

0.56 

1155.6 

0.91 

0.56 

1155.6 

0.58 

10.65 

1155.6 

0.91 

10.65 

1016.9 

0.68 

10.65 

1016.9 

0.66 

10.65 

1016.9 

0.66 

10.65 

1012.1 

0.64 

10.65 

1012.1 

0.63 

0.0276 

1018.5 

0.0107 

11 . 16 

1018.3 

0.63 

11.16 

1018.5 

0.62 

11.16 

1018.5 

0.61 


CONDITIONS 

■ 


FLOH 

ENTHALPY 

DENSITY 

67.1 

61.1 

71.17 

67.1 

41.5 

71.20 

67.1 

61. S 

71.20 

67.1 

77.1 

72.09 

67.1 

77.1 

77.02 

67.1 

198.0 

27.64 

5.0 

198.0 

27.64 

5.0 

198.0 

13.50 

57.4 

198.0 

27.64 

57.4 

179.6 

18.94 

57.4 

179.6 

17.35 

6.7 

198.0 

27.64 

6.7 

195.9 

28.43 

6.7 

193. 9 

28.43 

6.7 

193.9 

28.43 

6.7 

193.9 

14.24 

67.0 

181.9 

16.79 

0.155 

181.9 

0.16 

67.0 

181.9 

16.08 

67.0 

181.9 

II .72 

67.0 

181.9 

11.51 


■ VALVE DATA ■ 


VALVE 

DELTA P 

OTBV 

2666. 

TBV 

718. 

FSOV 

29. 

OBTV 

2619. 

OCV 

505. 


AREA 

FLOH 

X BYPASS 

0.02 

5.02 

5.00 

0.04 

0.56 

5.00 

5.82 

11.16 


0.05 

6.71 


1 .11 

66.99 



injector data ■ 


INJECTOR 

FUEL 

LOX 


delta P area 

79. ?.65 

117. ?.B8 


FLOW VELOCITY 
n.U 1009.01 
66.99 291.12 


178 



TABLE 42. — DUAL-EXPANDER ENGINE — 37,500 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


■ TURBOHACHirCRY PERFORHANCt DATA « 


■ M2 BOOST TURBINE ■ 

■ 

m 

H2 BOOST PUMP 

■ ■ 

m 

EFFICIENCY fT/T) 

0 .827 

EFFICIENCY 

0.766 

EFFICIENCY (T/S) 

0.<SA 

HORSEPOWER 

71 . 

SPEED IRPM) 

JJ655. 

SPEED (RPM J 

336S3. 

MEAN DIA C IN) 

1.76 

S SPEED 

3049. 

EFF AREA IIN2} 

6.21 

FCAD 

(FT) 

2688. 

U/C (ACTUAL) 

O.SS] 

dia". 

(IN) 

2.98 

MAX TIP SPEED 

S72- 

TIP : 

SPEED 

4 38. 

STAGES 

1 

VOL. 

FLOW 

1144. 

GAMMA 

1 .40 

ICAO 

COEF 

0.4S0 

PRESS RATIO (T/T) 

1.02 

FLOW 

CXCF 

0.201 

PRESS RATIO (T/S) 

1.03 




HORSEPOWER 

71. 




EXIT MACH NUMBER 

0.13 




SPECIFIC SPEED 

ISO. 00 




SPECIFIC DIAMETER 

0.S2 




H2 TUR8I»C « 



» H2 PUMP » 





STAGE ONE 

STAGE TWO 

EFFICIENCY (T/T) 

0.883 

EFFICIENCY 

0.760 

0.759 

EFFICIENCY (T/S) 

0.801 

HORSEPOWER 

891 . 

89S. 

SPEED (RPH) 

107143. 

SPEED (RPM) 

107143. 

107143. 

HORSEPOWER 

1784. 

SS SPEED 

1193S. 


MEAN DIA. (IN) 

2.88 

S SPEED 

14S1 . 

1433. 

EFF AREA ( IN2 ) 

0.79 

HEAD (FT) 

33288. 

33364. 

U/C (ACTUAL) 

0.SS3 

DIA. (IN) 

3.22 

3.22 

MAX TIP SPEED 

1481 . 

TIP SPEED 

1506. 

1506. 

STAGES 

1 

VOL. FLOW 

1114. 

1090. 

GAMMA 

1.40 

ICAD COEF 

0.472 

0.473 

PRESS RATIO (T/T) 

1 .SO 

FLOW COEF 

0.136 


PRESS RATIO (T/S) 

1 .S7 

DIAMETER RATIO 

0.472 


EXIT MACH NUMBER 

0.24 

BEARING ON 

3.00E*06 


SPECIFIC SPEED 

66. U 

SHAFT DIAMETER 

28.00 


SPECIFIC DIAMETER 

1.26 




» 02 BOOST TURBINE « 

■ M 

■ 

mm 

02 BOOST PUMP 

1 « 
M 
1 M 


EFFICIENCY 

(T/T) 

0.851 

EFFICIENCY 

0.764 

EFFICIENCY 

(T/S) 

0.809 

HORSEPOWER 

39. 

SPEED 

(RPM) 

9022. 

SPEED (RPM) 

9022, 

MEAN DIA 

( IN) 

6.34 

S SPEED 

5026. 

EFF AREA 

( IH2 ) 

o 

o 

fCAD (FT) 

242. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

3.34 

MAX TIP SPEED 

260. 

TIP SPEED 

152. 

STAGES 


1 

VOL. FLOW 

423. 

GAMMA 


1.97 

HEAD COEF 

0.450 

PRESS RATIO 

(T/T ) 

1.0) 

FLOW COEF 

0.200 

PRESS RATIO 

(T/S ) 

1.01 



HORSEPOWER 


39. 



EXIT MACH NUMBER 

0.02 



SPECIFIC SPEED 

36.68 



SPECIFIC DIAICTER 

2.16 




■ 02 TURBIKC ■ « 02 PUK> « 


EFFICIENCY 

(T/T) 

0.887 

EFFICIENCY 

0-750 

EFFICIENCY 

(T/S) 

0.776 

HORSEPOWER 

1488. 

SPEED 

(RPM) 

67087. 

SPEED (RPM) 

67087. 

HORSEPOWER 


1488. 

SS SPEED 

26973. 

MEAN DIA 

(IN) 

1.81 

S SPEED 

1467. 

EFF AREA 

(IN2) 

0.46 

(CAD (FT) 

9146. 

U/C (ACTUAL) 

0.553 

DIA. (IN) 

2,72 

MAX TIP SPEED 

602. 

TIP SPEED 

796 . 

STAGES 


1 

VOL. FLOW 

418. 

GAMMA 


1.97 

(CAD COEF 

0.465 

PRESS RAT(0 

(T/T) 

2.24 

FLOW COEF 

0.137 

PRESS RATIO 

(T/S) 

2.60 

DIAMETER RATIO 

0.6 72 

EXIT KACH NUMBER 

0.36 

BEARING DN 

1 .48E*06 

SPECIFIC SPEED 

82.37 

SHAFT DIA7CTER 

22.00 

SPECIFIC DIAMETER 

1.03 
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TABLE 43. — DUAL-EXPANDER ENGINE - 50,000 LBF THRUST (COPPER 

GROOVED CHAMBER) 


ENGINE PERFORHANCE P&AltlERS 


chamber pressure 

102Z. 1 

VAC ENGINE THRUST 

soooo. 

total engik: floh rate 

lOA.ZO 

DEL. VAC. ISP 

<iT9,8 

throat area 

25.84 

NOZZLE AREA RATIO 

1000.0 

nozzle exit diameter 

174.23 

ENGINE MIXTURE RATIO 

6.00 

eta c» 

0.993 

chamber coolant dp 

226. 

CHAMBER COOLANT DT 

278. 

nozzle COOLANT OP 

25S. 

NOZZLE COOLANT DT 

29S. 

CHAMBER Q (HYDROGEN COOLED) 

IS803. 

nozzle Q (OXYGEN COOLED) 

10262. 



ENGINE 

STATION 

(XNOITIONS 

\mm 



• FUEL : 

SYSTEM CONDITIONS ■ 



STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

18.6 

37.4 

14.92 

-107.5 

4.57 

B.P. EXIT 

100.8 

58.5 

14.92 

-105.0 

4.59 

PUMP INLET 

100.8 

38.5 

14.92 

-105.0 

4.59 

1ST STAGE EXIT 

1081 .6 

49.0 

14.92 

-50.4 

4.52 

PUMP EXIT 

2088.7 

59.3 

14.92 

2.5 

4.62 

COOLANT IftET 

2067.8 

59.5 

14.92 

2.5 

4.60 

COOLANT EXIT 

1842.0 

537.4 

14.92 

1061.5 

0.95 

TBV INLET 

1823.6 

337.5 

0.75 

1061.3 

0.95 

TBV EXIT 

1138.6 

358.3 

0.75 

1061.5 

0.68 

H2 TR8 INLET 

1825.6 

337.5 

14.18 

1061.5 

0.95 

H2 TRB EXIT 

1230.1 

310.7 

14.18 

950.5 

0.70 

K2 TRB DIFFUSER 

1184.7 

310.7 

14.18 

950.5 

0.67 

H2 BST TRB IN 

1172.9 

310.7 

14.18 

950-3 

0.67 

H2 BST TRB OUT 

1151.7 

309.6 

14.18 

945.5 

0.66 

H2 BST TRB DIFF 

1158.6 

309.6 

14.18 

945.5 

0.65 

H2 TANK PRESS 

18.6 

310.2 

0.0586 

951.5 

0.0115 

FSOV INLET 

1158.6 

311.0 

14.89 

951-3 

0.%5 

FSOV EXIT 

1110.1 

311.0 

14.89 

951.3 

0.65 

chamber INJ 

1087.5 

311.0 

14.89 

951,3 

0.62 

CHAMBER 

1022.1 






• OXYGEN SYSTEM CONDITIONS 

m 


STATION 

PRESS 

TE)*» 

FLOM 

ENTHALPY 

density 

B.P. inlet 

16.0 

162.7 

89,5 

61.1 

71.17 

B.P. EXIT 

155.6 

163.2 

89.5 

61.5 

7i.ro 

PUf#» INLET 

135.6 

163.2 

89.5 

61.5 

7i.ro 

PUMP EXIT 

4652.1 

183.1 

89.5 

76.6 

72.15 

COOLANT inlet 

4585.8 

183.5 

89.5 

76.6 

72.08 

ZttKAlfcT -CKIT 

435 1 . 1 

478.5 

89.5 

191.2 

28. «5 

otbv inlet 

4551.1 

478.5 

4.0 

I9I.2 

28. «5 

OTBV EXIT 

1725.0 

428.5 

4.0 

191.2 

14.60 

02 TRB INLET 

4551.1 

478.5 

76.6 

191.2 

28.95 

02 TRB EXIT 

1926.5 

587.5 

76.6 

173.5 

20.57 

02 TRB DIFFUSER 

1725.0 

580.4 

76.6 

175.5 

18.68 

02 BST TRB IN 

4351.1 

478.5 

9-0 

191.2 

28.95 

02 BST TRB OUT 

4507.4 

466.2 

9.0 

187.2 

29.87 

02 BST TRB DIFF 

4505.7 

466.2 

9.0 

187.2 

29.86 

OBTV inlet 

4505.7 

466.2 

9.0 

1B7.2 

29.86 

OBTV EXIT 

1725.0 

416.2 

9.0 

167.2 

15. :i 

mixer 

1725.0 

585.5 

89.5 

175.7 

18. CA 

02 TANK PRESS 

16.0 

267.1 

0.227 

175,7 

0. 18 

OCV INLET 

1638.7 

582.1 

89.3 

175.7 

17.50 

OCV EXIT 

1147.1 

559.2 

89.5 

175.7 

12.69 

CHAMBER INJ 

1124.5 

558.0 

89.5 

175-7 

12. 6« 

CHAMBER 

1022.1 






m 

VALVE DATA • 



VALVE 

DELTA P 

AREA 

FLOM 

X BYPASS 


OTBV 

2626. 

0.05 

4.05 

5.00 


TBV 

685. 

0.06 

0.75 

5.00 


FSOV 

28. 

5.10 

14.89 



OBTV 

2581. 

0.07 

8.95 



OCV 

492. 

1.45 

89.52 




■ 

INJECTOR 

DATA » 



INJECTOR 

DELTA P 

AREA 

FLOM 

VELOCITY 


FUEL 

77. 

5.51 

14.89 

982.19 


LOX 

114. 

5.75 

89.52 

275.70 
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TABLE 43. - DUAL-EXPANDER ENGINE - 50,000 LBF THRUST (COPPER 
GROOVED CHAMBER) (CONTINUED) 


• TURBOHACHINERY PERFORKANCE DATA ■ 


■ H2 BOOST Tl/RBIME ■ 


efficiency 

(1/1) 

0.8S6 

efficiency 

(1/S) 


SPEED 

(RPM) 

29213. 

rCAN DIA 

(IN) 

2.02 

EFF AREA 

(1M2) 

5.S2 

U/C (ACTUAL) 

0.SC7 

MAX TIP SPEED 

3^9. 

stages 


1 

GA>««A 


1 .3* 

PRESS RATIO 

(1/1) 

1.02 

PRESS RATIO 

(1/S) 

1.03 

HORSEPOMER 


94. 

EXIT MACH NUMBER 

0. I< 

SPECIFIC SPEED 

ISO. 00 

SPECIFIC PIASTER 

0.53 


■ K2 BOOST ■ 


EFFICIENCY 

0.745 

I«RS£P0HCR 

94. 

SPEED (RPM? 

29210. 

S SPEED 

3(KS. 

HEAD (FT) 

2701. 

DIA. (IN) 

3.45 

TIP SPEED 

439. 

VOL. FLOM 

1524. 

HEAD COEF 

0.450 

FLOH CX)EF 

0.201 


• K2 TURBIIC » 


• K2 PUMP ■ 


STAGE TMO 


EFFICIENCY (1/1) 

0.693 

EFFICIENCY 

0.772 


0.771 

EFFICIENCY (T/Sl 

0.797 

HORSEPOHER 

1110. 


1117. 

SPEED (RPM) 

looooa. 

SPEED (RPM) 

100000. 

100008. 

HORSEPOHER 

2224. 

SS SPEED 

12819. 



>CAN DIA. (IN) 

2.99 

S SPEED 

1427. 


1405. 

EFF AREA ( IN2 ) 

1.08 

HEAD (FT) 

31S45. 


31728. 

0/C (ACTUAL) 

0.553 

DIA. (IN) 

3.42 


3.42 

MAX TIP SPEED 

1454. 

TIP SPEED 

1495. 


1495. 

STAGES 

1 

VOL. FLON 

1483. 


1451. 

gatvm 

1.34 

HEAD COEF 

0.454 


0.457 

PRESS RATIO (1/1) 

1 .48 

FLOH COEF 

0.145 



PRESS RATIO (T/S) 

1 .54 

DlAfCTER RATIO 

0.507 



EXIT MACH NUMBER 

0.24 

BEARING DN 

3.00E«04 



SPECIFIC SPEED 

74.15 

SHAFT DIAMETER 

30.00 



SPECIFIC DIATeTER 

1.14 





• 02 BOOST TURBIht • 

■ 

02 BOOST PUI8* 

m 


EFFICIENCY (1/1) 

0 .857 

EFFICIENCY 

0.74A 


EFFICIENCY (T/S) 

0.815 

HORSEPOWER 

52. 


SPEED (RPM) 

7812. 

SPEED (RPM) 

7812. 


»CAN DIA ( IN) 

7.32 

S SPEED 

3024. 


EFF AREA (IM2) 

0.39 

HEAD 

(FT) 

242. 


U/C (ACTUAL) 

0.553 

DIA. 

( IN) 

3.85 


MAX TIP SPEED 

240. 

TIP SPEED 

132. 


STAGES 

1 

VOL. 

FLOW 

544. 


GAmA 

2.01 

HEAD 

COEF 

0.450 


PRESS RATIO (T/Tl 

1.01 

FLOM 

COEF 

0.200 


PRESS RATIO (T/S) 

1.01 





MORSEPOkCR 

52. 





EXIT MACH NUMBER 

0.02 





SPECIFIC SPEED 

34.44 





SPECIFIC DIAiCTER 

2.18 






• 02 TURBIt^ ■ 


EFFICIENCY 

(T/T) 

0-895 

EFFICIENCY 

(T/S) 

0, 783 

SPEED 

(RPM) 

57443. 

)CRS£PC»<R 


1923. 

fCAN DIA 

(IN) 

2.08 

EFF AREA 

(IN2) 

0.41 

U/C (ACTUAL) 

0.553 

MAX TIP SPEED 

592. 

STAGES 


1 

GA>«1A 


2.01 

PRESS RATIO 

(T/T) 

2.24 

PRESS RATIO 

(T/S) 

2.42 

EXIT MACH NUMBER 

0.34 

SPECIFIC SPEED 

82.48 

SPECIFIC DlAiCTER 

1.03 


■ 02 PUMP • 


EFFICIENCY 

0.759 

HORSEPOHER 

1923. 

SPEED (RPM) 

57443. 

SS SPEED 

24481. 

S SPEED 

1471. 

HEAD (FT) 

8971. 

DIA. (IN) 

3.13 

TIP SPEED 

785. 

VOL. FLOH 

557. 

HEAD COEF 

0.448 

FLOW COEF 

0.137 

DIA^CTER RATIO 

0.472 

bearing DN 

I .49E«84 

SHAFT DIAMETER 

24.00 
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TABLE 44. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 7500 LBF THRUST (COPPER GROOVED CHAMBER) 


ENGINE performance PARAMETERS 


CHAMBER PRESSURE 
VAC ENGINE THRUST 
TOTAL ENGINE FLOW RATE 
DEL. VAC. ISP 
THROAT AREA 
NOZZLE AREA RATIO 
NOZZLE EXIT DIAMETER 
ENGINE MIXTURE RATIO 
ETA C*< 

CHAMBER COOLANT DP 
CHAMBER COOLANT DT 
NOZZLE /CHAMBER Q 


1906.0 
7500. 
15. 6Z 
A80. I 

I -9J 

1000.0 
A9.S2 

6.00 

0.993 

1302. 

767- 

5996. 


ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

JE9^ 

B.P. inlet 

18.6 

57.6 

B.P. EXIT 

100.6 

38.5 

PUMP INLET 

100.6 

38.5 

1ST STAGE EXIT 

2168.6 

77.3 

2ND STAGE EXIT 

6119.0 

112.8 

PUMP EXIT 

5996.5 

166.5 

COLD REGEN IN 

5936.5 

165.0 

COLD REGEN EX 

5875.2 

376.0 

COOLANT INLET 

5875.2 

376.0 

COOLANT EXIT 

6573.3 

1121-3 

TBV inlet 

6527.6 

1121 .6 

TBV EXIT 

2199.7 

1138.3 

02 TRB inlet 

6527.6 

1121-6 

02 TRB EXIT 

6186.7 

1106.6 

H2 TRB INLET 

6186.7 

1106.6 

H2 TRB EXIT 

2316.5 

983.0 

M2 TRB DIFFUSER 

2290.7 

983.2 

M2 BST TRB IN 

2267.8 

983.2 

H2 BST TRB OUT 

2252.9 

982.1 

H2 BST TRB OIFF 

2266.6 

982.2 

02 BST TRB IN 

2222.0 

982.3 

02 BST TRB OUT 

2216.1 

981.6 

02 BST TRB DIFF 

2210.7 

981-7 

H2 TANK PRESS 

18.6 

1006.8 

GOX HEAT EXCM IN 

2199.7 

989.6 

GOX HEAT EXCH OUT 

2188.7 

9B9.3 

hot regen in 

2188.7 

989.3 

hot regen ex 

2123.0 

727.6 

FSOV I«-ET 

2123.0 

727.6 

FSOV EXIT 

2070.0 

727.7 

CHAMBER INJ 

2069.3 

727.8 

CHAMBER 

1906.0 



FLOM 

ENTHALPY 

DENSITY 

2,23 

-107.5 

6.37 

2.23 

-103.0 

6-39 

2.23 

-103.0 

6.39 

2.23 

56.2 

6.16 

2.23 

202.8 

6.15 

2.23 

366,0 

6.17 

2.23 

366.0 

6.15 

2-23 

1266.3 

2 .19 

2.23 

1266.3 

2.19 

2.23 

3950.8 

0.69 

0. U 

3950.8 

0.69 

0.11 

395C.8 

0.35 

2.12 

3950.8 

0.69 

2-12 

3881.8 

0.65 

2.12 

5881 .8 

0.65 

2.12 

3611.2 

0.62 

2.12 

3611.2 

0.61 

2.12 

3611.2 

0.61 

2.12 

3606.6 

0.61 

2.12 

3606.6 

0.61 

2.12 

3606.6 

0.60 

2- 12 

3603.8 

0 .60 

2.12 

5603.8 

0 .60 

0.0018 

3631.2 

o 

o 

o 

2.23 

3631.2 

0.60 

2.23 

3629.8 

0-39 

2.23 

3629.8 

0.39 

2-23 

2506.8 

0.51 

2-23 

2506.8 

0.51 

2.23 

2506.8 

0.50 

2.23 

2506.8 

0-50 


STATION 
B.P. inlet 
B.P. EXIT 
PUMP inlet 
PUMP EXIT 

02 tank PRESS 
OSOV INLET 
OSOV EXIT 

ocv inlet 

OCV EXIT 
CHAMBER INJ 
CHAMBER 


• OXYGEN SYSTEM CONDI TICKS « 


PRESS 

TEK» 

FLOM 

ENTHALPY 

16.0 

162.7 

13.6 

61.9 

135-2 

165.3 

13.6 

62.3 

135.2 

165.3 

13.6 

62.3 

3086.8 

180.8 

13.6 

73.2 

16.0 

600.0 

0.023 

206.7 

3056.0 

181 .0 

2.0 

73.2 

2139.2 

186.6 

2.0 

73.2 

3056.0 

181.0 

11 .6 

73.2 

2139.2 

186.6 

11.6 

73.2 

2117.8 

1906.0 

186.7 

13.6 

73.2 


DENSITY 
70.99 
70 .86 
70.86 
71-17 
0-12 
71 .12 
69.70 
71.12 
69.7 0 
69.66 


« valve data • 


VALVE 

delta P 

AREA 

FLOW 

X BYPASS 

TBV 

2328, 

0.01 

0.11 

5.00 

FSOV 

S3. 

0.63 

2.23 


OCV 

917. 

0.07 

13.39 



- 

INJECTOR 

DATA ■ 


INJECTOR 

DELTA P 

AREA 

FLOW 


FUEL 

163. 

0.60 

2.23 


LOX 

212. 

0.16 

13.39 
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TABLE 44. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 7500 LBF THRUST (COPPER GROOVED CHAMBER) (CONTINUED) 


• n*iOHM>IHeRV Pe«FORKA*C£ data . 


• KC BOOST rtiuinc • 


EFFICietCV (T/TJ 

EFFICIOCV (T/SJ M.^22 

SPCEB (Rrm fsioi. 

«AN OlA riN) 1.44 

£FF AAEA ll«rj t.?S 

U/C (ACTIBM.1 B-IZl 

HAJ* tip SP€EB i72. 

STa«ES 1 

CAMM 1.44 

PRTSS RATIO (T/TJ 1 .01 

PRESS RATIO tT/SI l.Ol 

MCMtSCraCK 14. 

CRIT NAOt NUM0I B.07 

SPCCIFIC SrCEO 1S4.00 

SPCCIFIC DlAICia B.7B 


■ »C TUBSnc " 


CFFIClEJCr (T/TI #.7f» 

CFFICIE»CV IT/Sl B.TSl 

SPCCB (RfW> 1B7S00. 

Mt»SEK»«* 1413. 

«AN OlA. <UO 1.77 

EPF A*£A (I*C1 t. 12 
U/C (ACTUM.I B.S17 

MAR TIP SPEED 1S43. 

STaCES 3 

CA#«IA 1.44 

PRESS RATIO (T/TI 1.81 

PRESS RATIO (T/SI 1.83 

EXIT MACH MMEJt R.13 

SPECIFIC SPEED 4T.S2 

SPECIFIC OIAfCTDI 1 .48 


• 02 BOOST TTJRBIIC • 


EFPICIEICV IT/Tl 8.7S0 

EFPICIEICr (T/S» 8.478 

SPEED (RPMt 2*142. 

»CAM OIA (IWl 4.11 

EPF AREA (IICJ 1.74 

U/C (ACTUM. 1 1.00 7 

mar TIP SPEED 3»2. 

STACES I 

CAI«A 1.44 

PRESS RATIO (T/TI 1.00 

PRESS RATIO IT/SI 1.01 

HORS&tlWlt 8 . 

EXIT MACH MMSt 8 . OS 
SPECIFIC SPEED 84.42 

SPECIFIC 01 AACTER 1.33 


■ 02 TIMBIIC ■ 

EPFIC10«Y (T/T) 8.807 

EFPTCIEICY (T/SI 8.7S0 
SPEED (RPMt 1X1234. 


MQRSEPOIC]l 2*7. 

ICAM OIA (IMI 1.77 

EPF AREA (IICI *.21 

UA: (ACTUM.1 *.S44 

MAR TIP SPEED 1881. 

stares 1 

1,44 

PRESS RATIO (T/T) I.OR 

PRESS RATIO (T/SI 1.08 

EXIT NAOI MIMKK 0.0* 

SPECIFIC SPEED 51.7* 

SPECIFIC OlAACm l.SO 


• M2 BOOST PUMP ■ 


EFF.'CIEHCV 0.744 

KXISEPCHCR 14. 

SPEED (HPM) 7S30I . 

S SPEED 3050. 

►EaO IFTl 2*84. 

OIA. (INI 5.33 

TIP SPEED 4 38 . 

VOL. FLOW 228. 

^<AD COEF 0.45(1 

FLOM COEF 0.201 


■ H2 PUMP > 


STAGE ONE stage TMO STAGE TV«£E 


EFFICIENCY 0.574 
HORSEPOWER 487. 
SPEED (RPM) 187500. 
SS SPEED 8337. 
S SPEED 473. 
l«AO (FTl 70485. 
OIA. (INI 2.53 
TIP SPEED 2073. 
VOL . FLOM 24 I . 
ICAD COEF 0.528 
FLOM COEF 0.088 
diameter RATIO 0.281 
BEARING DN 3.00E<04 
SHAFT DlAACTER 14.00 


0.5B4 0.583 

<70. 444. 

187500. 187500. 

484. 713. 

47815. 45115. 

3. S3 2.53 

2073. 2073. 

243. 241. 

0.508 0.488 


" 02 BOOST Pur*> > 


EFFICIENCY 0,744 
H0RSEPO4CR 8. 
SPEED (RPM) 20142. 
S SPEED 3024. 
>«AD (FT) 242, 
DIA. (INI 5.58 
TIP SPEED 132. 
VOL. FLOM 85. 
ICAO COEF 0.450 
FLOW COEF 0.200 


• 02 PL**' 


EFFICIENCY 
KMSEPOMER 
SPEED I RPM I 
SS SPEED 
S SPEED 
FtAO (FT I 

DIA. (iHt 

TIP SPEED 
VOL. FLOM 
KAD COEF 
FLOM COEF 
diameter RATIO 
bearing on 

SHAFT diameter 


0 . 70S 
207. 
131234. 
2X881. 
I 777. 
5871 - 
1 , 18 
484 . 
85. 
0.411 
0.152 
0.478 
I -57E*04 
12.00 


RESDCRATtXl DATA 


HELP 
OELT 
AREA 
FL(X( 

EFFECT IVOCSS 

MTU 

CRATIO 

( 3 <(M 

RE GEM D 


HOT SIDE 
45.44 
-241.88 
0.45 
2.23 

0.31 
0.45 
0.87 
7.87 
2040.03 


COLO SIDE 
58.35 
22 *. 88 
8.14 

2.23 


1X3 



TABLE 45. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 15,000 LBF THRUST (COPPER GROOVED CHAMBER) 


ENGINE PERFORMANCE PARAMETERS 


OWCER PRESSURE 182^.0 
VAC ENGII>€; THRUST ISOOO. 
TOTAL ENGINE FLOW RATE 3 I . 2A 
DEL. VAC. ISP ^ 
THtOAT AREA ^ 

nozzle area ratio 1000. 0 
nozzle exit DIAhCTER 7 1-S8 
ENGIIC MIXTURE RATIO 6.00 
ETAC- 0-993 
CHA»«ER COOLANT DP 

CHAIVER COOLANT DT 567- 
NOZZLE/CHAHSER O 9408. 


ENCI»C STATION COfCITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

B.P. IMXT 

IS. 6 

37.4 

B.P. EXIT 

100.8 

38.5 

purr ircET 

100.8 

38.5 

1ST STA£E EXIT 

18T9.2 

64.6 

290 stage exit 

1548 . 9 

89.3 

PUHP EXIT 

5238.7 

112.8 

COLD RECEN IN 

5186.4 

113.2 

COLB REG04 EX 

5134.5 

302.9 

COOLANT IM_ET 

5134.5 

302.9 

COOLANT EXIT 

4280. 1 

870.4 

TBV I«-ET 

4237.3 

870.7 

TBV EXIT 

ZI05. 1 

884.8 

02 TBS irCXT 

4237.3 

870.7 

02 TRB EXIT 

3868.6 

855.2 

KZ TRB IMXr 

3868.6 

855.2 

K2 TItB EXIT 

2222.3 

767.5 

KZ TBS DIFFUSER 

2193.7 

767.7 

KZ BST TRB IN 

2171.8 

767.7 

HZ BST TRB OUT 

2154.6 

766.6 

HZ BST TRB DIPF 

2147.8 

766.6 

OZ BST TRB IN 

2126.3 

766.8 

02 BST TRB OUT 

2117.5 

766.1 

02 BST TRB DIFF 

ZM5.7 

766.1 

H2 TANK PRESS 

18.6 

784 .8 

GOK HEAT EXCH IN 

2105. I 

772.1 

GOK rCAT EXCH OUT 

2094.6 

771.8 

HOT REGEN IN 

2094.6 

771.8 

HOT REGEH EX 

2031.8 

567.1 

FSOV IIRJET 

2031.8 

567.1 

FSOV EXIT 

1981 .0 

567.4 

CHAfCER IMJ 

1961 .2 

567.4 

CHATTER 

1824.0 



FLOW 

ENTHALPY 

DENSITY 

4.47 

-107.5 

4.37 

4.47 

-103.0 

4.39 

4.47 

-103.0 

4.39 

4.47 

10.1 

4.38 

4 .47 

120.6 

4.40 

4.47 

228,5 

4.46 

4.47 

228.5 

4 .44 

4,47 

95 7.5 

2.35 

4.47 

95 7.5 

2.35 

4.47 

3063. L 

0.82 

0.22 

3063 . 1 

0.82 

0-22 

3063.1 

0.42 

4,24 

3063 . I 

0.82 

4.24 

2999,7 

0.77 

6-24 

2999.7 

0.77 

4.24 

2650.7 

0.51 

4.24 

2650.7 

0.50 

4.24 

2650.7 

o.so 

4.24 

2646.0 

0.50 

4.24 

2646.0 

0.49 

4.24 

2646.0 

0-49 

4.24 

2643.4 

0-49 

4.24 

2643.4 

0,49 

0.0046 

2664.4 

0.0045 

6.46 

2664.4 

0.48 

4.46 

2663 . 0 

0.48 

4.46 

2663.0 

0.48 

4.46 

1933.3 

0.62 

4.46 

1933.3 

0.62 

4.46 

1933.3 

0-61 

6.46 

1933.3 

0.60 



* OXYGEN SYSTEM 

conditions 

« 

STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B-P. IM.ET 

16.0 

162.7 

26.8 

61.9 

B.P, EXIT 

135.2 

165.3 

26.8 

62.3 

PUTT IT8.ET 

135.2 

165.3 

26.8 

62.3 

PUir EXIT 

2954.0 

179.2 

26.8 

72.4 

02 TAM( press 

16-0 

400.0 

0.046 

204 . 7 

030V ITC-ET 

2924-5 

179.3 

4.0 

72.4 

OSOW EXIT 

2047.1 

182.7 

4.0 

72.4 

OCV IILET 

2924.5 

179-3 

22.8 

72.4 

OCV EXIT 

2047.1 

182.7 

22.8 

72.4 

CHMTER ITLI 

2026.7 

182.8 

26.8 

72.4 

CHATTER 

1824.0 






1 valve data • 


VALVE 

delta p 

AREA 

FLOW 

X BYPASS 

TBV 

2132. 

0.01 

0.22 

5 .00 

FSOV 

51 - 

1 .16 

4.46 


OCV 

877. 

0.14 

26.78 



• 

ISJECTOR 

DATA • 


injector 

delta p 

ART A 

FLOW 


FUEL 

137. 

0 ?<; 

4.46 


LOX 

203. 

0 . 34 

26.78 



DENS I TV 
70.99 
70.84 
70.84 
71 .31 
0.12 
71 .26 
69 . 90 
71.26 
69.90 
69.87 


1X4 



TABLE 45. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 15,000 LBF THRUST (COPPER GROOVED CHAMBER) (CONTINUED) 


• Tl«BOHACMI>«RY PERF0«MAHC£ oat* • 


• H2 SOOST TuRBI»< • 

EFF ICIENCY ( T/n 

0. 74( 

EFFICIENCY IT/S) 

0.51* 

SPEED (RPMJ 

55585. 

MEAN OIA tIN) 

1.44 

EFF AREA ( In2 I 

2.11 

U/C (ACTUAL) 

0 .«( 

MAA TIP SPEED 

455. 

STAGES 

1 

GAHHA 

1.54 

PRESS RATIO (T/TJ 

1.01 

PRESS RATIO IT/S) 

1.01 

MORS£PO*CR 

24. 

EXIT HACH NUMBER 

0.07 

SPECIFIC SPEED 

150.00 

SPECIFIC diameter 

0.(5 

• H2 TURBIIC " 


EFFICIENCY IT/T) 

0.007 

EFFICIENCY (T/S) 

0.784 

SPEED (RPM) 

15(5(5. 

HORSEPOkCR 

2044. 

MEAN DIA. (IN) 

2.48 

EFF AREA ( IM2 ) 

0.25 

U/C (ACTUAL) 

0.444 

MAX TIP SPEED 

1575. 

stages 

2 

GAHHA 

1 .54 

PRESS RATIO (T/T) 

1.74 

PRESS RATIO (T/S) 

1.77 

EXIT MACH NUM8CR 

0.14 

SPECIFIC SPEED 

45.54 

SPECIFIC DIAHETER 

1.(5 

■ 02 BOOST TIKBIIC ■ 

EFFICIENCY (T/T) 

0.024 

EFFICIENCY (T/SJ 

0.(48 

SPEED (RPM) 

142S7. 

MEAN DU ( IN) 

4.) 1 

EFF AREA (INT) 

2.47 

U/C (ACTUAL) 

0-712 

MAX TIP SPEED 

240. 

STAGES 

1 

GAMMA 

1.54 

PRESS RATIO (T/T) 

1 .00 

PRESS RATIO (T/S) 

1.01 

HORSEPO^R 

15. 

EXIT MACH number 

0.04 

SPECIFIC SPEED 

48.51 

SPECIFIC DIAfCTER 

1.01 

• 02 TURBINE • 


EFFICIENCY (T/T) 

0.022 

EFFICIENCY (T/S) 

0.7(4 

SPEED ( RPM ) 

40110. 

HORSEPOHER 

580. 

MEAN OIA I IN) 

2.48 

EFF AREA (IM2) 

0.54 

U/C (ACTUAL) 

0.548 

MAX TIP SPEED 

1044. 

STAGES 

1 

GAMMA 

1.54 

PRESS RATIO (T/T) 

1.10 

PRESS RATIO (T/S) 

1.10 

EXIT MACH number 

0.04 

SPECIFIC SPEED 

44.41 

SPECIFIC OIAICTER 

1.57 


• tc BOOST PUW> • 


EFFKJE>CV 0 . 

MOftSEPOWCR 24. 

SPEED (RPM) 5JI8J. 

S SPEED JOCS. 

HEAD (FT > 270 1. 

DIA. (IN) 1.84 

TIP SPEED 4S4. 

VOL. FLOM <,S7. 

HEAD CXX.F 0.4&0 

FLOM COEF 0.201 


STAGE OC STAGE TWO STAGE T>«Er 


EFFlCIEMCr 0.(44 
HOKSEPOtCR 7 IS. 
SPEED (flPM) M(S(3. 
SS SPEED 4S45- 
S SPEED 740. 
»«AO (FT) S7IS7- 
DIA. (IN) 5.12 
TIP SPEED 18S7. 
VOL. FLOM 4S«. 
7CAO COEF O.S55 
FLOW COEF 0.04( 
DIAMETEO ratio 0.551 
BEAAING DM 5.00E>0( 
SHAFT OlAHETEK 22.00 


0.(S2 

(44. 

15(5(5. 

744. 
S(OSl . 
5.12 
1057. 
4SS. 
0.523 


0.(55 

(« 2 . 

15(5(5. 

00 (. 

54074. 

5.12 

1057. 

450. 

0-S12 


> 02 BOOST PUMP « 


EFFICIENCY 0.7(4 
HORSEPOHER 15. 
SPEED (RPM) UZ57 . 
S SPEED 502(. 
HEAD (FTl 2<2, 
OIA. (IN) 2.11 
TIP SPEED 152. 
VOL. FL.OM 170. 
HEAD COEF 0.450 
FLOM COEF 0.200 


• 02 Pl#» * 


EFFICIENCY 
HORSEPOHER 
SPEED ( RPM ) 
SS SPEED 
S SPEED 
HEAD (FT) 

OIA. (IN) 

TIP SPEED 
VOL. FLOM 
HEAD COEF 
FLOM COEF 
DIAfCTCR RATIO 
bcarik; DN 
Shaft oia/ctcr 


0.750 
5B0. 
40110. 
25201 . 
1787. 
5(41. 
1 .48 
(40. 
1(4. 
0.420 
0. 155 
0 .480 
I .44£>0( 
14.00 


RECIEICRATOR DATA 


COLD SIDE 
OCLP 51.07 

DECT 184,70 

AREA 0.52 

FLOW 4.47 

EFFECTIVEKSS 
NTU 

CRATIO 
CHIN 
RECCN Q 


HOT SIDE 
(2.84 
-204.(4 
1.20 
4.44 

0.51 

0.44 

0.45 

15.42 

5257.24 


18.5 



TABLE 46. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 25,000 LBF THRUST (COPPER GROOVED CHAMBER) 


ENGINE PCRfORMAHCE PARAMETERS 


CHAMBER PRESSURE 

1718.0 

VAC ENGINE THRUST 

25000. 

TOTAL ENGINE FLOH RATE 

52.08 

del. vac. ISP 

480 . 1 

THtOAT AREA 

7. 12 

nozzle area RATIO 

1000 . 0 

nozzle exit DIA#€TER 

95.20 

ENGI»C MIXTURE RATIO 

6 . 00 

ETA C* 

0.995 

CHAMBER COOLANT DP 

7 78 . 

CHAMER COOLANT DT 

445 . 

NOZZLE/CHAMBER q 

12428. 


ENGINE STATION CONDITIONS 


statkm 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P. I9t-ET 

18.4 

57-4 

7.45 

-107.5 

B.P. EXIT 

100.4 

58-5 

7.45 

-105,0 

PUM» I9EET 

100.4 

38-5 

7.45 

-105.0 

1ST STAGE EXIT 

1709.0 

58.8 

7.45 

-8.8 

2*0 STAGE EXIT 

3551.9 

78.5 

7.45 

85.0 

Pl»** EXIT 

4948.4 

97.5 

7.45 

177.8 

COLO REGEX IN 

4918.8 

97.7 

7.45 

177-8 

COLD RE GEN EX 

4849.4 

258.6 

7.45 

765.8 

COOLANT IM.ET 

4849.4 

258.4 

7.45 

765.8 

COOLANT EXIT 

4091. S 

701.7 

7.45 

2459-0 

TBW INLET 

4050.4 

o 

o 

0.57 

2459.0 

TBV EXIT 

1982.9 

714.7 

0.37 

2459.0 

02 TUB I«JET 

4050.4 

702-0 

7.08 

2459.0 

02 TUB EXIT 

5444.1 

488. 1 

7-08 

2401 .0 

K2 TR8 I«-ET 

5444.1 

688. 1 

7.08 

2401 . 0 

K2 TRB EXIT 

2114.5 

614.2 

7.08 

2105 -4 

M2 TRB DIFFUSER 

2079.7 

614.4 

7.08 

2105.4 

H2 BST TRB IN 

2058.9 

614.4 

7.08 

2105.4 

H2 BST TRB OUT 

2059.0 

615.5 

7.08 

2100-6 

H2 BST TRB DIFF 

2024.5 

415.4 

7.08 

2100.6 

DC BST TRB IN 

2004.1 

415.5 

7.08 

2100.6 

02 BST TRB OUT 

1994,5 

412.8 

7.08 

2098 . 1 

02 BST TRB DIFF 

1992.9 

412.8 

7.08 

2098.1 

H2 tank PRESS 

18.4 

428.0 

0.0097 

2116.1 

GOX ICAT EXCH IN 

1982.9 

617.9 

7-44 

2116.1 

GOK »CAT EXCH OUT 

1975.0 

617.4 

7.44 

2114.8 

kit regen in 

1975.0 

417.4 

7.44 

2114.8 

kit regen ex 

1913.8 

457.0 

7.44 

1528 .0 

FSOV IM_ET 

1915.8 

457.0 

7.44 

1528 .0 

FSOV EXIT 

1845.9 

45 7.2 

7.44 

1528.0 

CHAMER INJ 

1847.5 

457.5 

7.44 

1528.0 

CHAMBER 

1718.0 





» OXYGEN SYSTEM 

CONDITIONS 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P. IK_ET 

14.0 

142.7 

44-7 

61 .9 

B.P. EXIT 

155.2 

145.5 

44.7 

62.5 

PUK> IK_ET 

155.2 

145.5 

44.7 

62-5 

PlM» EXIT 

2782.4 

177.7 

44 . 7 

71.5 

02 TAMC PRESS 

14.0 

400.0 

0.076 

204-7 

030V 1K_ET 

2754.5 

177.9 

6.7 

71 .5 

03OV EXIT 

1928.2 

181.1 

6.7 

71 ,5 

OCV IK.ET 

2754.5 

177,9 

57.9 

71 .5 

OCV EXIT 

1928.2 

181 . 1 

57.9 

71 .5 

CHAiaCR 1MJ 

1908 .9 

181 . 1 

44.6 

71 .5 

CHAMBER 

1718.0 





- 

valve DATA • 


VALVE 

delta p 

AREA 

FLOW 

X BYPASS 

TBV 

2068. 

0,02 

0.57 

o 

o 

FSOV 

48. 

1 .84 

7.44 


OCV 

824. 

0.25 

44.64 



■ 

injector 

DATA • 


IlOeCTOR 

delta p 

AREA 

FLOW 


FUEL 

129. 

1.17 

7.44 


LOX 

191 . 

0.S8 

44.64 



DENSITY 
A. J7 
59 
4-59 
A.A9 
<-57 

A. 65 

2.56 

2.56 
0.97 
0.96 
0.69 
0.96 
0.90 
0.90 
0.60 
0.59 
0.59 


0.57 

0-57 

0-57 

0.00S7 

0.56 

0.56 

0.54 

0.72 

0.72 

0.71 

0.70 


DENSITY 
70.99 
70.86 
70.84 
71.57 
0.12 
71.55 
70.04 
71 .55 
70.04 
70.01 


a-j 


ORIGffii^L i !S 
OF POOR QUALITY 



TABLE 46. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 25,000 LBF THRUST (COPPER GROOVED CHAMBER) (CONTINUED) 


• TuflBOmOUKRV PCR^ORT^AMCE DATA ■ 


• k; boost tc*5:me • 


EFFICIEnCV (T/TI 0.014 
EFFICIENCY (T/SI 0.4DT 
SPEED CRPH1 *1205. 
MEAN OIA (INI I .44 
EFF AREA ( IM2 ) 5.01 
U/C (ACTUAL) 0.551 
MAX TIP SPEED 5«0. 

stages I 

GAMMA 1.45 
PRESS RATIO (T/T) 1 .01 
PRESS RATIO (T/S) 1.02 
HORSEPOkCR 44. 
EXIT HACM NUMBER 0.11 
SPECIFIC SPEED 14».74 
SPECIFIC diameter 0.51 


• M2 BOOST Pl#«' ■ 


EFFICIENCY 0.7A4 
horsepower 4B, 
SPEED (RPM) 412B3. 
S SPEED 504S. 
MEAD (FT) 2415. 
OIA. (IN) 2. <3 
TIP SPEED 431. 
VOL. FLOW 742, 
FCAD COEF 0.450 
FLOW COEF 0.201 


• H2 TURBIfC • 


EFFICIENCY (T/T) 0.B4I 
EFFICIENCY (T/S) 0.B2B 
SPEED (RPM) 125000. 
HORSEPOtCR 215 9. 
MEAN DIA. ( INI 2.40 
EFF AREA (1H2) 0.34 
U/C (ACTUAL) 0.521 
MAX TIP SPEED 1551. 

stages 2 

GAMMA 1.45 
PRESS RATIO (T/T) 1.71 
PRESS RATIO (T/S) 1.77 
EXIT HACM NiMER 0.17 
SPECIFIC SPEED 55. OB 
SPECIFIC DIAPCTER 1.51 


• KZ pm» ■ 


STAGE (RC STAGE TWO STAGE TFKS 


EFFICIENCY 0.70B 

HORSCP<»CR 994. 

SPEED (RPM) 125004. 

SS SPEED 11547. 

S SPEED 912. 

HEAD (FTl 5115B. 

OIA. (IN) 5.29 

TIP SPEED 1794. 

\rtX.. FLOW 745. 

HEAD COEF 0.519 

FLOW COEF 0.110 

OIAfCTER RATIO 0.5B5 

BEAR]*C ON 5.00e<0« 

SMAFT OIAPETER 24.00 


0 . 707 
9B7. 


51522. 

5.29 

1794. 

751 . 
0.515 


0.704 

979. 

125000. 

9B7. 

51057. 

5.29 

1794. 

71B. 

0.510 


" 02 BOOST TIABINE • 


• 02 BOOST Pur«> ■ 


EFFICIENCY (T/Tl 0.874 
EFFICIENCY (T/Sl 0.750 
SPEED (RPM) II 04 5. 
MEAN OIA ( IN ) 4.11 
EFF AREA (IN2) 4.54 
U/C (ACTUAL) 0.552 
MAX TIP SPEED 2 54. 
STAGES 1 
CA>*(A 1.45 
PRESS RATIO (T/T ) I .00 
PRESS RATIO (T/S) l.Ol 
HORSEP04CR 24. 
EXIT MACH number 0.04 
SPECIFIC SPEED 99.07 
SPECIFIC DIAKTER 0.84 


EFFICIEWY 0.744 
H0RSEP04CR 24. 
SPEED (RPM) 11045. 
S SPEED 5024. 
MEAD (FT) 242. 
OIA. (IN) 2.75 
TIP SPEED 152. 
VOL. FLON 2BS. 
fCAO CX)CF 0.450 
FLOW COEF 0.200 


■ 02 TUR81X ■ 


0.854 
0.791 
47555. 
5B1 . 
2.40 

0. 55 
0.450 

B54. 

1 

1 .45 

1.10 

1 . n 
0.10 

48.44 
I .57 


■ 02 PU7» • 


EFFICIENCY 0.747 
HORSEPOI«R 581. 
SPEED (RPM) 47535. 
SS SPEED 22444. 
S SPEED IBIS. 
HEAD (FT ) 5359. 
DIA. (IN) 2.15 
TIP SPEED 455. 
VOL. FLOW 2BI. 
HEAD COEF 0.424 
FLOW COEF 0 . 154 
diameter RATIO 0.482 
BEAR1I4G ON I .49E*04 
SHAFT OIA#€TER 22-00 


EFFICIENCY (T/T) 
EFFICIENCY (T/S) 
SPEED (RPM) 

HORSEPOICR 
MEAN OIA ( IN) 

EFF AREA (IN2) 
U/C (ACTUAL) 

MAX TIP SPEED 
STAGES 
GAMMA 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
EXIT MACH number 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


REGE)CRATOR DATA 


COLO SIDE 
OELP 49.11 

DELT 140.11 

AREA 0.52 

FLON 7.45 

EFFECTIVEKSS 
NTU 
CRATIO 
CMIN 
RECEN 0 


MOT SIDE 
51. 11 
-140.52 
1.90 
7.44 

0.51 
0.47 
1 .00 
27.15 
4345.10 
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TABLE 47. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 37,500 LBF THRUST (COPPER GROOVED CHAMBER) 


ENCIKC PERF0RHW4CE PARAMETERS 


chamber pressure 

U 12 . 0 

VAC ENGIKC THRUST 

57SOO. 

TOTAL ENGINE FLOM RATE 

78.12 

DEL. VAC. ISP 

<;80. 0 

rwoAT area 

11.37 

nozzle area ratio 

1000.0 

NOZZLE EXIT DlAlCTER 

120.3^ 

ENGINE MIXTURE RATIO 

6.00 

ETA C« 

0.993 

CHAMBER COOLANT DP 

696. 

CHMffiER COOLANT DT 

3 7S. 

NOZZLE/CHAMBER 0 

16626. 


EHGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEJR* 

FLOM 

ENTHALPY 

DENSITY 

B.F. INLET 

18.6 

37.6 

11.18 

-107.5 

6.37 

B.P. EXIT 

100.9 

38. S 

11.18 

-103.0 

6.39 

Pltr IM-ET 

100.9 

38. 5 

11.18 

-103.0 

6.39 

1ST STAGE EXIT 

167S.9 

57.2 

11.18 

-13.9 

6.52 

29® STAGE EXIT 

3279.3 

75.2 

11.18 

75.0 

6.65 

PUW» EXIT 

6908.3 

92.7 

11.18 

163 . 7 

6 . 72 

CXXJ) REGEM IN 

6859.2 

93.1 

11.18 

163.7 

6.70 

COLD REGEH EX 

6810.6 

226.8 

11.18 

629-7 

2 .81 

COOLANT IMJET 

6810.6 

226.8 

11.18 

629.7 

2.81 

COOLANT EXIT 

6116.6 

601.6 

11.18 

2099-3 

1.11 

TBV I«XT 

6075-6 

601.7 

0.56 

2099.3 

1 .10 

TBY EXIT 

1860.5 

613.9 

0.56 

2099-3 

0.53 

02 TRB IfCET 

6075.6 

601.7 

10.62 

2099-3 

1 . 10 

02 TRB EXIT 

3662.2 

589.5 

10.62 

2066.1 

1.02 

H2 TRB IICET 

3662.2 

589.5 

10.62 

2066.1 

1.02 

H2 TRB EXIT 

2006.9 

521.2 

10.62 

1765.3 

0.67 

K2 TRB DIFFUSER 

1966.7 

521.6 

10.62 

1765.3 

0.65 

K2 BST TRB IN 

1967.0 

521-6 

10.62 

1765.3 

0.65 

K2 BST TRB OUT 

1926.3 

520.3 

10.62 

1760.5 

0.66 

K2 BST TRB BIFF 

1901.6 

520.6 

10.62 

1760.5 

0.66 

02 BST TRB IN 

1882.6 

520.6 

10.62 

1760.5 

0.63 

02 BST TRB OUT 

1871.8 

519.8 

10.62 

1758 .0 

0.63 

02 BST TRB BIFF 

1869.9 

519.8 

10.62 

1 758 . 0 

0.63 

H2 TANK PRESS 

18.6 

532.0 

0.0169 

1775.0 

0.0066 

GOX ftCAT EKN IN 

1860.5 

526.5 

11.16 

1775.0 

0.62 

GOK I«AT EACH OUT 

1851.2 

526.2 

11.16 

1773.7 

0.62 

HOT REGEM IN 

1851.2 

526.2 

11.16 

1773.7 

0.62 

HOT REGEM EX 

1795.7 

399.3 

11.16 

1307.0 

0.78 

FSOW INLET 

1795-7 

399.3 

11.16 

1307.0 

0-78 

FSOW EXIT 

1750.8 

399.4 

11.16 

1307.0 

0.76 

OU/CER IMJ 

1733.3 

399.5 

11.16 

1307.0 

0.75 

CHAMER 

1612.0 






• OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 


FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

67.1 

61.9 

70,99 

B.P. EXIT 

135-2 

165.3 

67.1 

62 . 3 

70-86 

PUM* inlet 

135.2 

165.3 

67.1 

62.3 

70.86 

PIRR» EXIT 

2610.7 

176.6 

67.1 

70.8 

71 .60 

02 tamc press 

16.0 

600.0 

0. lU 

206 . 7 

0.12 

OSOV INLET 

2586.6 

176.7 

10 .0 

70.6 

71.36 

OSOV EXIT 

1809.2 

179.6 

10.0 

70.8 

70 . 16 

OCV IM_ET 

2586.6 

176.7 

56.9 

70 .8 

71.36 

OCV EXIT 

1809.2 

179.6 

56.9 

70.8 

70.16 

OW«ER INJ 

1791.1 

179.7 

67.0 

70.8 

70.12 

CHAMR 

1612.0 






■ 

VALVE DATA • 



VAL\(E 

DELTA P 

AREA 

FLOM 

X BYPASS 


TBV 

2215. 

0.02 

0.56 

5 . 00 


FSOV 

65. 

2-75 

11.16 



OCV 

775. 

0.56 

66.96 




• 

INJECTOR 

DATA • 



INJECTOR 

delta p 

AREA 

FLOM 



FUEL 

121. 

1.75 

n . 16 



LOX 

179. 

0.89 

66.96 
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TABLE 47. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 37,500 LBF THRUST (COPPER GROOVED CHAMBER) (CONTINUED) 


• TURBO»UO«[»CRV PERPORHAMTC QAT* • 


« MC BOOST TUTBIK 


• H2 BOOST PUMP ■ 


epficiencv (t/t) o./rs 

EFF ICTEMCV ( T/S) 0.3SB 
SPEED (RPMI SS7Si. 
MEAN DM J tM) 1 .<4 
EFF AREA (IN2) 4.01 
U/C tACTUAE) 0.454 
MAX TIP SPEED 524. 

stages I 

GAMPU 1 . 34 
PRESS RAT ro (TFT) ) .01 
PRESS RATIO (TFS) 1 .05 
HORSEPOWER 12. 
EXIT HACM HUKBEB 0.14 
SPECIFIC SPEED 125. 7» 
SPECIFIC DIAMETER 0.4B 


EFFICIEMCV 0.7f5 
HORSEPOWER 72. 
SPEED (RPM) 557S4. 
S SPEED :04S. 
tCAO (FT ) 2 702 . 
01 A. ( (N > 2 . 49 
TIP SPEED 440. 
WOL. FLOW M43. 
7CAO COEF 0.4S0 
FLOW COEF 0.201 


• K2 TURBlIC • 


EFFICIE>CV 

EFFICIENCY 

SPEED 

HORSEPOWER 


(T/T) O.B70 
(T/S) 0.B5S 
(RPM) 107145. 

42IB. 


^C;an DIA. ( IH) 2.95 
EFF AREA (1K21 O.Sl 
U/C (ACTUACI O.Sli 
MAX TIP SPEED 1495. 

stages 2 

GAMMA 1 . 54 

PRESS RATIO (T/T) 1.82 
PRESS RATIO (T/S) 1 .B7 
EXIT MACH NCIMBER 0.18 
SPECIFIC SPEED 57.54 
SPECIFIC DIAXCTEI 1.55 


• K2 PUW • 


STAGE OC stage TWO STAGE TMtEE 


EFFICIEMCT 
HORSEPOICR 
SPEED (RPM) 

SS SPEED 
S SPEED 
HEAD (FTI 
OIA. (IN) 

TIP SPEED 
VOL. FLOW 
MEAD COEF 
FLOW COEF 
DIAMETER RATIO 
BEARING DN 
SHAFT DIAMETER 


0.750 
1409. 
107145. 
1 1B85. 

I 058. 
50591 . 
5. 79 
17 75. 
1110. 
0.517 
0. 1 14 
0.400 
5.00E*04 
28.00 


0.728 

1407. 

107145. 

1049. 
50407. 
5.79 
1 775. 
1084. 
0.515 


8.727 

1402. 

107145. 

1042. 
50141. 
5.79 
17 75. 
1042. 
0.512 


• 02 BOOST TUrODC • 


■ 02 BOOST Purr * 


EFFICIENCY (T/T) 0.875 
EFFICIENCY (T/S) 0.705 
SPEED (RPM) 9014. 
MEAN DIA (IN) 4.11 
EFF AREA ( IK2) 5.88 
U/C (ACTUAL) 0.450 
MAX T(P SPEED 197. 
STAGES I 
Gamma 1.54 
PRESS RATIO (T/T) 1.01 
PRESS RATIO (T/S I 1.01 
HORSEPOiCR 59. 
EXIT MACH NUMBER 0.04 
SPECIFIC SPEED 91.84 
SPECIFIC DIAA«TER 0.77 


EFFICIENCY 0.744 
H0RSEP04CR 59 . 
SPEED (RPM) 9014. 
S SPEED 5024. 
mead (FTI 242. 
DIA. (INI 5.54 
TIP SPEED 152. 
VOL. FLOW 425. 
)CAD COEF 0.450 
FLOW COEF 0.200 


• 02 TURBI 


)« • 


• 02 PU>*» • 


EFFICIENCY (T/T) 
EFFICIENCY (T/S) 
SPEED (RPMI 

HORSEPOtCR 
MEAN DIA (INI 

EFF AREA ( IK2J 
U/C (ACTUAL) 

MAX TIP SPEED 
STAGES 
GAMMA 

PRESS RATIO (T/T) 
PRESS RATIO (T/S) 
EXIT MACH N(JMBCR 
SPECIFIC SPEED 
SPECIFIC OIAKTER 


0.B5X 

0.778 

55542. 

800. 

2.95 

0.75 

0.417 

745. 

1 

1.54 

1.11 

1.12 

0.11 

45.99 

1.54 


EFFICIENCY 0.740 
HORSEPOMER 800 . 
SPEED (RPM) 55542. 
SS SPCEO 21725. 
S SPEED 1845. 
)CA0 (FT) 4991. 
OIA. (IN) 2.42 
TIP SPEED 4)0. 
VOL- FLOW 422. 
)€AO COEF 0.451 
FLOM COEF 0.155 
DIAKTTER RATIO 0.485 
SCARING DN I .59E*04 
shaft oiA«:TEa 24.00 


RCCOCRATOR DATA 


OELP 
DELT 
AREA 
FLOW 

effectiveness 

NTU 
CRATIO 
chin 
REGEN Q 


HOT SIDE 
55 .54 
-124.85 
2.80 
11.14 

0.51 

0.44 

0.95 

58.95 

5207.88 


COLO SIDE 
48.59 
155.71 
1.77 
11.18 
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TABLE 48. - FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 50,000 LBF THRUST (COPPER GROOVED CHAMBER) 


ENGINE performance PARAMETERS 


chamber pressure 

ISOd.O 

VAC ENGI»C THRUST 

soooo . 

TOTAL ENGINE FLOW RATE 

loe,. U 

del. vac. ISP 

<80.0 

THROAT AREA 

U .2S 

nozzle area ratio 

1000 . 0 

nozzle exit diameter 

l<5.7< 

ENGINE MIXTURE RATIO 

6.00 

ETA C« 

0.995 

CHAMBER COOLANT DP 

601 . 

chamber COOLANT DT 

555. 

MOZZLE/CHAMBER Q 

19860. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEM> 

FUOM 

ENTHALPY 

DENSITY 

t.f. INLET 

18.6 

57.6 

16.91 

-107. S 

6.57 

B.P, EXIT 

100.8 

58.5 

16.91 

-105.0 

6.59 

INLET 

100.8 

58.5 

16.91 

-103.0 

6.59 

1ST STAGE EXIT 

1556.6 

56.5 

16.91 

-26.6 

6.56 

ZK> STAGE EXIT 

5006.6 

69.8 

16.91 

56.0 

6.66 

PUP^ EXIT 

6508.6 

06.9 

16.91 

152.6 

6 . 76 

cold regen IN 

6663.6 

85.5 

16.91 

152.6 

6 . 76 

COLB REGEH EX 

6618.7 

205.5 

16.91 

556.0 

2.88 

COOLANT IM-ET 

6618.7 

205.5 

16.91 

556.0 

2 .88 

COOLANT EXIT 

58 1 7 , 7 

560.3 

16.91 

1867.0 

1 . 16 

TBV IMjET 

5779.5 

560.5 

0.75 

1867 . 0 

1 .15 

TBV EXIT 

1758.1 

550.5 

0.75 

1867.0 

0.55 

02 TRB IM-ET 

3779.5 

560.5 

16.16 

1867.0 

1 .15 

02 TRB EXIT 

3601.6 

529.1 

16.16 

1818 .0 

1.05 

K2 TRB IICET 

5601.6 

529.1 

16.16 

1818.0 

1.05 

M2 TRB EXIT 

1900.6 

668.5 

16 .16 

1570. 1 

0.70 

M2 TRB DIFFUSER 

1855.0 

668.5 

16.16 

1570.1 

0.69 

M2 BST TRB IN 

1836.6 

668.5 

16 .16 

1570.1 

0.69 

M2 BST TRB OUT 

1811 .9 

667.6 

16 .16 

1565.5 

0.67 

M2 BST TRB DIFF 

1778.7 

667.5 

16.16 

1565.5 

0.66 

02 BST TRB IN 

1760.9 

667.6 

16.16 

1565.5 

0.66 

02 BST TRB OUT 

1769.6 

666.9 

16.16 

1562.7 

0.65 

02 BST TRB OIFF 

1766.8 

666.9 

16.16 

1562.7 

0.65 

M2 TAMC PRESS 

18.6 

676.8 

0.0250 

1578.0 

0.0076 

GOX PCAT EXCH IN 

1758.1 

671.0 

16 .88 

1578.0 

0.66 

GOX »CAT EXCH OUT 

1729.6 

670.7 

16.88 

1576.6 

0.66 

MIT REGEN IN 

1729.6 

670.7 

16.88 

1576.6 

0.66 

HOT REGEN EX 

1677.5 

365.5 

16.88 

1172.5 

0.79 

FSOW INLET 

1677.5 

565.3 

16 .88 

1172.5 

0 . 79 

FSOV EXIT 

1655.6 

565.6 

16 .88 

11 72. 5 

0.78 

CHAACER IHJ 

1619.2 

565.6 

16.88 

1172.5 

0.77 

CHAMER 

1506.0 






■ OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEM> 

FLOW 

enthalpy 

DENSITY 

B.P. inlet 

16.0 

162.7 

89.6 

61.9 

70.99 

B.P. EXIT 

155.2 

165.5 

89.6 

62.5 

70.86 

PUM* inlet 

135.2 

165.5 

89.6 

62.5 

70.86 

PUM» EXIT 

2659.0 

175.5 

89.6 

70.1 

71.59 

02 TAMC PRESS 

16.0 

600.0 

0.152 

206.7 

0. 12 

OSOV INLET 

2616.6 

175.6 

15.6 

70.1 

71.56 

OSOV EXIT 

1690.2 

178.6 

13.6 

70.1 

70.22 

OCV IM_ET 

2616.6 

175.6 

75.9 

70.1 

71.56 

OCV EXIT 

1690.2 

178.6 

75.9 

70 . 1 

70.22 

CHAA«ER inj 

1675.5 

178.6 

89.5 

70.1 

70.19 

CHAI«ER 

1506.0 






- 

valve data • 



VALVE 

delta p 

AREA 

FLOW 

X BYPASS 


TBV 

2061 . 

0.05 

0 . 75 

5.00 


FSOV 

62. 

5 . 75 

16.88 



OCV 

726. 

0.50 

89.28 




• 

INJECTOR 

DATA • 



injector 

delta p 

AREA 

FLOW 



FUEL 

115. 

. 58 

16.88 



LOX 

167. 

1 .25 

89.28 
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TABLE 48. — FULL-EXPANDER ENGINE WITH HYDROGEN REGENERATOR 
— 50,000 LBF THRUST (COPPER GROOVED CHAMBER) (CONTINUED) 


« TUBBOM*CHIt«BV PCRFOBMAMCE OAT* ■ 


* KC BOOOT TURBIKC 


■ k; boost PU»*» • 


CFFtCICMCY (T/TJ 0.770 

£FF1CI€NCY {T/S> 0.272 

SPEED (RPHI r»22*. 

NEAM OIA (INI ) .4^ 

EFF AREA UK2 J S . 02 
U/C (ACTUAL ) 0 . J74 

MAX TIP SPEJED 2f0. 

STAGES 1 

GANKA l.M 

PRESS RATIO IT/TI 1.01 

PRESS RATIO (T/S) 1 . 0« 

HORSEPOCJt 

EXIT HA(X MUMBER 0.17 

SPECIFIC SPEED 103.11 

SPECIFIC OIAACTER O.AO 


EFFICIEKY 0.70S 
HORSCPOtCR . 
SPEED (RPNJ 21224. 

s spca J 04 S. 

MEAO (FT) 2701. 
OIA. (IN) 3.4« 
TIP SPEED <31. 
VOL. FLtX 1524. 
HEAD COEF 0.4S0 
FLOM COer 0.201 


■ H2 TlffSI^C • 


(T/T) 

(T/S) 

(RPH) 

( IN) 
( IM2) 


EFFICIENCY 
EFFICIENCY 
SPEED 

HORSEPOER 
)«AN DIA. 

EFF AREA 
U/C (ACTUAL) 

HAX TIP SPEED 

stages 

(J^AMA 

PRESS RATIO (T/T) 
PRESS RATIO (T/SJ 
EXIT MACH NUMBER 
SPECIFIC SPEED 
SPECIFIC DIAMETER 


O.MS 
0.B42 
100000. 
414 7. 
3. OB 
0.41 
0.540 


I .30 
1 . 71 
I. OS 
0.20 
44.31 
1.22 


STAGE C»C STAGE TMO STAGE THREE 


EFFICIENCY 0.7S4 
MORSEPOI^ 1453. 
SPEED (RPH) 100000. 
SS SPEED 12BIS. 
S SPEED 1223. 
HEAD (FT) 45957. 
DIA. ON) 3.13 
TIP SPEED 1718. 
VOL. FLOM 1472. 
HEAD COEF 0.501 
FLOM COEF 0.124 
DIAMETER RATIO 0.441 
BEARING (M 3.00C*04 
SHAFT DIAMETER 50.00 


0.752 

1454. 

lOOOOO. 

1208. 

45152. 

3.15 

1718. 

1434. 

0.501 


0.750 

1458. 

100000. 

1114. 

4S815. 

3.13 

1718. 

1405. 

O.SOO 


" 02 BOOST TIABITC * 


• 02 BOOST Purr • 


EFFICIENCY (T/T) 0.845 
EFFICIENCY (T/Sl 0.452 
SPEED (RPNl 7808. 
fCAN DIA ( INI 4. 1 1 
EFF AREA (IM2) 7.50 
U/C (ACTUAL) 0.310 
HAR TIP SPEED 174- 
STAGES 1 
CAPflA 1 .3* 
PRESS RATIO (T/T) 1.01 
PRESS RATIO (T/S) I .01 
HORSEPOrCR 52. 
EXIT MACH NUMBER 0.05 
SPECIFIC SPEED 84.94 
SPECIFIC DIATCTER 0.71 


EFFICIENCY 0.744 
HORSEF04CR 52. 
SPEED (RPH) 7808. 
S SPEED 3024. 
MEAD (FT) 242. 
OIA. (INI 3.84 
TIP SPEED 132. 
VOL . FLON 54 7 . 
HEAD COEF 0.450 
FLOM COEF 0.200 


• 02 TUIBIME • 


• 02 pmr • 


EFFICIENCY IT/TI 0.B87 
EFFICIENCY (T/Sl 0.B32 
SPEED IRPM) 44714. 


HORSEPOCR 182. 
rCAN OIA ( IN) 3.08 
EFF AREA (IK2) 1.01 
U/C (ACTUAL) 0.S4X 
MAX TIP SPEED 479. 
STAGES 2 
GAMMA 1 . 38 
PRESS RATIO (T/T) I . II 
PRESS RATIO (T/S) I. 12 
EXIT MACH HUMBER 0.09 
SPECIFIC SPEED 7B.07 
SPECIFIC OIatCTER 1.04 


EFFICIENCY 0.749 

HORSEPOCR 982. 

SPEED (RPM) 44714. 

SS SPEED 21019. 

S SPEED 1885 . 

ICAO (FT) 4445. 

DIA. UM) 3.01 

TIP SPEED 587. 

VOL. FLOM 542. 

HEAD axr 0.4 34 

FL04 cxxr 0. 157 

OlAfCTER RATIO 0.484 

BEARMC ON I .34E»04 

SHAFT DIXNCTER 30.00 


RECENCRATOR DATA 


DELP 
DELT 
AREA 
FLOM 
EFFECriVC»CSS 
NTU 

CRATIO 
CHIN 
REGEN Q 


HOT SIDE 
51 .88 
>105.39 
3. 7B 
14.88 

Q.SI 
0.44 
O.Bfl 
50. 14 
40)2.47 


COLO SIDE 
44.44 
119.92 
I .07 
14.91 


OF 0-' i- :T'; 
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APPENDIX C 
THROTTLED CYCLES 


Throuled cycle* data are presented in Tables 49 through 56. 


preceding page blank 
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TABLE 49. — ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 100% OF DESIGN THRUST LEVEL 

ENGINE PERFORMANCE PARi*€TERS 


CHAMBER PRESSURE 


ULZ.O 

VAC ENGINE THRUST 


zoooo. 

DEL. VAC. ISP 


ABO.S 

TOTAL ENGINE FLOH RATE 


A1 ./ 

THROAT AREA 


6.064 

NOZZLE AREA RATIO 


1000.1 

ENGINE MIXTURE RATIO 


6.09 

CHAMBER /NOZZLE COOLANT 

DP 

S8S. 

CHAMBER /NOZZLE COOLANT 

DT 

1018. 

ETA C» 


0.9^J 

CHAMBER /NOZZLE 0 


L1190. 


ENGINE STATION CONDITIONS 


- FUEL SYSTEM CONDITIONS « 


STATION 

PRESS 

'^EMP 

FLOH 

ENTHALPY 

DENSITY 

B.P. INLET 

18. b 

37.6 

5.96 

-107.5 

6.37 

B.P. EXIT 

100.9 

38.5 

5.96 

- 105.0 

6.39 

PUMP INLET 

100.9 

38.5 

5.94 

-lOJ.O 

6.39 

1ST STAGE EXIT 

2177.3 

70.3 

5.96 

54.1 

6.56 

JBV INLET 

2153.8 

70.7 

2.98 

56.1 

6.35 

JBV EXIT 

1815.9 

73. 1 

2.98 

36.1 

6.11 

ZNO STAGE EXIT 

54B7.5 

90.9 

2.98 

125.8 

6.55 

PUMP EXIT 

6762.3 

110.6 

2.98 

210.5 

6.57 

COOLANT INLET 

6714.6 

110.8 

2. 98 

210.5 

6 . 35 

COOLANT EXIT 

6131.6 

1128.8 

2.90 

5965.9 

0.65 

TBV INLET 

6090.3 

1129.1 

0.15 

5965.9 

0.62 

TBV EXIT 

1899.9 

1166.8 

0.15 

3965.9 

0.50 

LOX TRB INLET 

6090.3 

1129.1 

2.85 

5965.9 

0.62 

LOX TRB EXIT 

3612. S 

1101.3 

2.85 

3854.6 

0.57 

H2 TRB INLET 

3612. S 

1101.5 

2.85 

5856.6 

0.57 

H2 TRB EXIT 

2011.6 

976.9 

2.85 

5582. 6 

0.37 

H2 TRB DIFF 

1 990 . 1 

077.1 

2.85 

5582.6 

0.56 

H2 BST TRB IN 

1970.2 

077.2 

2.85 

5582.6 

0.56 

H2 BST TRB EXIT 

1967.6 

076.6 

2.85 

3575.1 

0.36 

M2 BST TRB DIFF 

1962. S 

076.7 

2.85 

5575. 1 

0.36 

02 BST TRB IN 

1923.1 

976. B 

2.85 

5575.1 

0.55 

02 BST TRB EXIT 

1911.2 

073.6 

2.85 

5567.9 

0.35 

02 BST TRB DIFF 

1910.6 

073.6 

2.85 

3367.9 

0.35 

H2 TANK PRESS 

18 . 6 

005.5 

0.0868 

3598.0 

0.0035 

GOX HEAT EXCH IN 

1890.0 

">82 . 1 

2.97 

3398.0 

0.35 

GOX HEAT EXCH OUT 1890. 

aai .6 

2-97 

5395.2 

0.35 

HIKER HOT IN 

1890 .6 

081.6 

2.97 

3595.2 

0.35 

mixer COLD IN 

1813.9 

73 . 1 

2-98 

36.1 

6.11 

mixer out 

1 705.8 

5 08.0 

5.95 

1715.8 

0.62 

FSV INLET 

1 795.8 

5 08.0 

5.95 

1715.8 

0.62 

FSV EXIT 

1760.9 

5 08 .2 

5-95 

1715.8 

0.60 

CHAMBER INJ 

1 733.6 

5 08.2 

5.95 

1715.8 

0.60 

chamber 

1612.0 






« OXYGEN SYSTEM 

CONDITION'-, 

. 


station 

PRESS 

TEMP 

FLOH 

ENTHALPY 

DENSITY 

B.P. INLET 

Ib.O 

1 »2 . 7 

35.77 

61.1 

71.17 

B.P. EXIT 

135.2 

:t»3.3 

35.7 7 

61.5 

71 .20 

PUMP INLET 

135.2 

16 3.5 

35.77 

61.5 

71.20 

PUMP EXIT 

2612.1 

176.9 

35.77 

70.1 

71.65 

02 TANK PRESS 

1 b .0 

AOO.O 

0.&6 

206.8 

0.12 

POSV INLET 

2586.0 

1 75.0 

5.17 

70. 1 

71.61 

POSV EXIT 

1 795.0 

179.0 

5,17 

70.1 

70.38 

OCV INLET 

2586.0 

175.0 

30.55 

70.1 

71.61 

OCV EXIT 

1811.7 

178.0 

:o.5S 

70. 1 

70.61 

PRIMARY INJ 

1762.1 

; 78.2 

5.17 

70.1 

70.33 

SECONDARV INJ 

1 7 75.2 

: 78. 1 

30.55 

70.1 

70 . 35 

CHAMBER 

1612.0 







alve data 




VALVE 

delta p 

AREA 

FLOW 

X BYPASS 


JBV 

-38. 

: . 120 

2-98 

69.98 


TBV 

: ’ 0 . 

: .009 

0.15 

5.02 


FSV 

.5 . 

1 .655 

5.95 



POSV 

; ’0 . 

: .032 

5.17 



OCV 

: A . 

1.106 

30.55 





.hC’OR DATA 




- FUEL 

* 

* OXID - 





: hary 

SECOND 



DELP MAN 18. 

20 

.e8 

18. 1* 



DELP INJ lOJ. 

18 

-■1.07 

163.21 



AREA I . 

lA 

. . 18 

0.63 



FLOH 5 . 

95 

5 . : 7 

3 0.55 




Of#3fr4Ai PAtiE IS 
OF POOR QUALITY 



TABLE 49. - ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 100% OF DESIGN THRUST LEVEL (CONTINUED) 


■ TURBOHAC«I>CRY PERFORMANCE DATA • 


■ H2 BOOST TURBIIC « k M2 BOOST • 







EFFICIENCY 

0.8S7 


EFFICIENCY 

8.765 


HORSEPOWER 

Z9, 


HORSEPOICR 

38. 


SPEED (RPM) 

46IS8. 


SPEED (RPM) 

46158. 


MEAN QIA tlN) 

1 .fO 


S SPEED 

3839. 


EFF AREA (IN21 

1 -AS 


HEAD (FT) 

2703. 


U/C (IDEAL) 

0.512 


□lA. (IN) 

2.18 


MAR TIP SPEED 

:b2 . 


TIP SPEED 

439. 


STAGES 

1 . 


VOL. flow 

609. 


CELTA H (ACT) 

“.Sb 


HEAD COEF 

fl-452 


GAMMA 

1 .43 


FLOW COEF 

0.201 


PRESS RATIO (T/T) 

1 1 . 0 1 





• H2 TURBINE 

1 m 
n 


■ M2 Pi»r ■ 










STAGE 1 

STAGE 2 

STAGE 0« 

ZJJieE TMO 

STAGE THREE 







EFFICIENCY 

0.805 

0.808 

EFFICIENCY 0 . M2 

0.621 

0.626 

horsepower 

950. 

«48. 

HORSEPOWER I 15&. 

378. 

365. 

SPEED (RPM) 1 

24983. 1 

24983. 

SPEED (RPM) 1249«S. 

124983. 

124983. 

MEAN OIA ( IN) 

3.47 

3.47 

S SPEED 731. 

730. 

744. 

EFF AREA (IN2) 

0.21 

0.26 

HEAD (FT) 68442. 

43325, 

42101 . 

J/C (IDEAL) 

0.493 

0.494 

DIA. CINl 3.69 

3.02 

3.02 

MAX TIP SPEED 

1895. 

1895. 

TIP SPEED 2012. 

1647. 

1647. 

CELTA H 

237. 

237. 

VOL. FLOW 613. 

307. 

306. 

GAMMA (ACT) 

1 .43 

1.43 

HEAD COEF 0.544 

0.514 

0.499 

PRESS RATIO(T/T 

1 . 33 

1.35 

FLOW COEF 0.B92 

0.092 

0.093 




M V « B « « « «««»•« »mmm 


• 02 BOOST TURBINE • 


« 02 BOOST POMP ■ 


EFFICIENCY 

0 .859 


EFFICIENCY 

0.764 


HORSEPOWER 

21 . 


HORSEPOWER 

21 . 


SPEED (RPM) 

12324, 


SPEED (RPM) 

12324. 


^EAN DIA ( IN) 

5.20 


S SPEED 

3024 . 


EFF AREA ( IN2 ) 

2.02 


HEAD (FT) 

241 . 


J/C (IDEAL) 

0.512 


DIA. (IN) 

2.44 


MAX TIP SPEED 

28 0 . 


TIP SPEED 

131 . 


STAGES 

: . 


VOL. FLOW 

226. 


SELTA H (ACT ) 

5. IS 


HEAD COEF 

0.451 


SAMMA 

1.43 


FLOW COEF 

0.200 


=RESS RATIO (T/T) 

1 .01 





- 02 TURBINE ' 



■ 02 pm» » 



EFFICIENCY 

0 .806 


EFFICIENCY 

0. 740 


-ORSEPOWER 

438 . 


HORSEPOWER 

438. 


SPEED (RPM) 

74008 . 


SPEED (RPM) 

74008 . 


“EAN DIA { IN) 

3.47 


S SPEED 

1870. 


E<^F AREA ( IN2 ) 

0.25 


HEAD (FT) 

4976. 


-./C (IDEAL) 

0.430 


DIA. (IN) 

1.90 


>^AX TIP SPEED 

1122. 


TIP SPEED 

615. 


ITAGES 



VOL. FLOW 

224. 


:ELTA H (ACT) 

109.27 


lEAD COEF 

0.423 


'.AMMA 

I .-«3 


FLOW COEF 

0.157 


"RESS RAT 10 ( T/T ) 

1.13 






OF FOOtN QUALSrv 
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TABLE 50. — ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 50% OF DESIGN THRUST LEVEL 

ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 


801.9 


VAC 

ENGINE THRUST 


10000. 


DEL. 

VAC. ISP 



479.7 


TOTAL ENGINE FLOW RATE 


20.8 


THROAT AREA 



6.066 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


6.00 


CHAMBER /NOZZLE 

COOLANT 

DP 

547. 


CHAMBER /NOZZLE 

COOLANT 

DT 

730. 


ETA 

C» 



0.993 


CHAMBER /NOZZLE 

Q 


6340. 



ENGINE 

STATION 

CONDITIONS 






( K M M H M K t K H » » • 

1 n n 



* FUEL SYSTEM CONDITIONS » 



STATION 

PRESS 

TEMP 

FLOH 

ENTHALPY 

DENS I TV 

B.P. INLET 

18.6 

37.4 

2.98 

-107.5 

4.37 

B.P. EXIT 

66.0 

38.2 

2.98 

-104 .5 

4.38 

PUMP INLET 

66.0 

58.2 

2.98 

-104.5 

4.38 

1ST STAGE EXIT 

13A5.6 

60.5 

2-98 

-13.0 

4.27 

JBV INLET 

1343. A 

60.6 

0.66 

-13.0 

4.27 

JBV EXIT 

908.0 

63.3 

0 . 66 

-13.0 

3.89 

2ND STAGE EXIT 

1998.7 

71.4 

2.33 

33.1 

4.25 

PUMP EXIT 

2627.5 

81.8 

2.33 

77.3 

4.24 

COOLANT INLET 

2597.6 

82.0 

2,33 

77.3 

4.22 

COOLANT EXIT 

2050.2 

B1 1 .8 

2.33 

2803.9 

0.45 

TBV INLET 

2014.9 

812.0 

0.71 

2803.9 

0.44 

TBV EXIT 

997.3 

818.4 

0.71 

2803 . 9 

0.22 

LOX TRB INLET 

2014.9 

812.0 

1-61 

2803.9 

0.44 

LOX TRB EXIT 

1788.8 

792.9 

1.61 

2731.2 

0.40 

H2 TRB INLET 

1 788.8 

792.9 

1.61 

2731.2 

0.40 

H2 TRB EXIT 

1051.3 

712.3 

1.61 

2431.9 

0.27 

H2 TRB DIFF 

1041.7 

712.4 

1.61 

2431.9 

0.27 

H2 BST TRB IN 

1032.9 

712.4 

1.61 

2431.9 

0.26 

HZ BST TRB EXIT 

1022.6 

710-9 

1.61 

2426.4 

0.26 

H2 BST TRB DIFF 

1020.4 

710.9 

1 .61 

2426.4 

0.26 

02 BST TRB IN 

1011 .8 

711.0 

1.61 

2426.4 

0.26 

02 BST TRB EXIT 

1006.4 

710.2 

1 .61 

2423.4 

0.26 

02 BST TRB DIFF 

1006. 1 

710.2 

1.61 

2423.4 

0.26 

H2 TANK PRESS 

18.6 

749-3 

0.0032 

2540.0 

0.0047 

GOX HEAT EXCH IN 

997.3 

743.4 

2.32 

2540.0 

0.24 

GOX HEAT EXCH OUT 

989.1 

743.0 

2-52 

2538.2 

0.24 

MIXER NOT IN 

989.1 

743.0 

2.32 

2538.2 

0-24 

HIKER COLD IN 

908.0 

63.3 

0.66 

- 13.0 

3.89 

MIXER OUT 

907 . 1 

584.2 

2.98 

1976.3 

0.28 

FSV INLET 

907 . 1 

584,2 

2.98 

1976.3 

0.28 

FSV EXIT 

881.4 

584.3 

2-98 

1976.3 

0.27 

CHAMBER INJ 

871.8 

584.3 

2.98 

1976.3 

0.27 

CHAMBER 

801.9 






» OXYGEN SYSTEM CONDITIONS 

M 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P- INLET 

16.0 

162.7 

17.90 

61.1 

71.17 

B.P. EXIT 

84.3 

163.1 

17.90 

61.3 

71.17 

PUMP INLET 

84.3 

163.1 

17,90 

61.3 

71.17 

PUMP EXIT 

1800.0 

172.6 

17.90 

67.9 

71 .28 

02 TANK PRESS 

16.0 

400.0 

0.03 

204.8 

0.12 

POSV INLET 

1793.4 

172.6 

5.20 

67.9 

71.27 

POSV EXIT 

989.0 

175.6 

5-20 

67.9 

69.97 

OCV INLET 

1793.4 

172.6 

12.67 

67,9 

71.27 

OCV EXIT 

836.5 

176.2 

12.67 

67.9 

69, ?2 

PRIMARY INJ 

954 .8 

175.7 

5.20 

67.9 

69-91 

SECONDARY INJ 

830.2 

1 76.2 

12.67 

67.9 

69, ? 1 

CHAMBER 

BOl .9 






VALVE DATA 




VALVE 

DELTA P 

AREA 

FLOW 

\ BYPASS 


JBV 

436 . 

0.023 

0.66 

22.00 


TBV 

1018 . 

0.072 

0.71 

30.63 


FSV 

26 . 

1.653 

2.98 



POSV 

804 . 

0.032 

5.20 



OCV 

95 7. 

0.073 

12.67 




INJECTOR DATA 




» FUEL • 


OXID « 




PRIMARY 

SECOND 

OELP 

MAN 

10.05 

16.90 

3.15 

HELP 

INJ 

59.81 

152.91 

28.32 

AREA 


1 . 14 

0.08 

0.43 

FLOW 


2.98 

5.20 

12.67 
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TABLE 50. — ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 50% OF DESIGN THRUST LEVEL (CONTINUED) 


» TURBOMACHINERy PERFORMANCE DATA « 


• H2 BOOST TURBINE * 


« K2 BOOST PUMP » 


EFFICIENCY 

0. 78A 


EFFICIENCY 


0.675 


HORSEPOWER 

) 3. 


HORSEPOWER 


13. 


SPEED (RPM) 

30A9A. 


SPEED (RPM) 

30494. 


MEAN DIA ( IN) 

1 . 90 


S SPEED 


2148. 


EFF AREA ( IN2 ) 

1 .AS 


HEAD (FT) 

1560. 


U/C (IDEAL) 

0.512 


DIA. (IN) 

2.18 


MAX TIP SPEED 

252, 


TIP SPEED 


290. 


STAGES 

1 . 


VOL. FLOW 


306. 


DELTA H (ACT) 

5 . A9 


HEAD CDEF 


0.597 


GAMMA 

1 . 39 


FLOW COEF 


0. 155 


PRESS RATIO (T/T) 

1 .01 






N » K M M KH )• M M * 







• H2 TURBINE 



• H2 

PUMP « 






H 





STAGE 1 

STAGE 2 

STAGE ONE 

STAGE TWO 

STAGE THREE 

EFFICIENCY 

0,766 

0.775 

EFFICIENCY 

0.602 

0.615 

0.620 

HORSEPOWER 

3A7 , 

336- 

HORSEPOWER 

386. 

152. 

145. 

SPEED (RPM) 

92001 . 

92001 . 

SPEED (RPM) 

92001 . 

92001 . 

92001 . 

MEAN DIA ( IN) 

5,A7 

3.47 

S SPEED 

54 7- 

796. 

818. 

EFF AREA ( IN2 ) 

0.21 

0.26 

HEAD (FT) 

42849- 

22073. 

21323. 

U/C (IDEAL) 

0 .AA2 

0.452 

DIA. (IN) 

3.69 

3.02 

3.02 

MAX TIP SPEED 

1 395. 

1395. 

TIP SPEED 

1481 . 

1212. 

1212. 

DELTA H 

152. 

147. 

VOL. FLOW 

313. 

245. 

246. 

GAMMA (ACT) 

1 . 39 

1.39 

HEAD COEF 

0.629 

0.483 

0.467 

PRESS RATIO(T/T 

1 .33 

1 .35 

FLOW COEF 

0-064 

0. 100 

0-102 


02 BOOST TURBINE 


« 02 BOOST PUMP • 


EFFICIENCY 0 . 78A 

HORSEPOWER 7 - 


SPEED 

(RPM ) 

8074 . 

MEAN DIA 

C IN ) 

5.20 

EFF AREA 

( IN2 ) 

2 . 02 

U/C 

(IDEAL ) 

0.512 

MAX TIP 

SPEED 

183 . 

STAGES 
DELTA H 

(ACT) 

1 . 
2 . 92 

GAMMA 


1 . 39 

PRESS RATIO (T/T) 

1 .01 


» 02 TURBINE • 


EFFICIENCY 0.777 
HORSEPOWER 166 . 
SPEED CRPM) 56756. 
MEAN DIA CIN) 3.A7 
EFF AREA ( IN2 I 0.25 
U/C (IDEAL) 0.397 
MAX TIP SPEED 860. 
STAGES I - 
DELTA H (ACT ) 72 . 7A 
GAMMA 1.39 
PRESS RATIO [ T/T ) 1.13 


EFFICIENCY 

0.674 

HORSEPOWER 

7. 

SPEED (RPM) 

8074. 

S SPEED 

2129. 

HEAD (FT) 

138- 

DIA. (IN) 

2.44 

TIP SPEED 

86. 

VOL. FLOW 

113- 

HEAD COEF 

0.602 

FLOW COEF 

0.153 


■ 02 PUMP " 


EFFICIENCY 

0.679 

HORSEPOWER 

166. 

SPEED (RPM) 

56756. 

S SPEED 

1334 . 

HEAD (FT) 

3466. 

DIA. (IN) 

1.90 

TIP SPEED 

472. 

VOL. FLOW 

113. 

HEAD COEF 

0.502 

FLOW COEF 

0.103 
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TABLE 51. - ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 10% OF DESIGN THRUST LEVEL 

ENGINE PERFORHANCE PARAMETERS 


CHAMBER PRESSURE 


isa.z 


VAC 

ENGI»C THRUST 


20M. 


DEL 

VAC. ISP 



478.8 


TOTAL EHGI»C FLQM RATE 


4.2 


throat area 



6.064 


NOZZLE AREA RATIO 


1000. B 


ENGIIC HIXTURE 

RATIO 


6.08 


CHA«ER/NQZZLE 

COOLANT 

DP 

214. 


CHAMER /NOZZLE 

COOLANT 

DT 

784. 


ETA 

C» 



0.99] 


CHAMBER /NOZZLE 

Q 


1740. 



ENGINE 

STATION 

CONDITIONS 




X FUEL C 

'/STEM CONDITIONS « 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B-P. INLET 

la.ik 

37.4 

0.60 

-107.5 

4.37 

8.P. EXIT 

ZS.fc 

37.6 

0.60 

-106.9 

4.36 

PUMP INLET 

2S.4 

37.6 

0.60 

-106.9 

4.36 

1ST STAGE EXIT 

2 72.9 

45.2 

0.60 

-88.9 

4.21 

JBV INLET 

2 72.9 

45.2 

0.00 

-88.9 

4.21 

JBV EXIT 

1B7.6 

45.9 

O.OQ 

-80-9 

4.11 

:nD stage EXIT 

A20.S 

48.1 

0.60 

-69.5 

4.19 

PUMP EXIT 

563.0 

50.8 

0.60 

-58.6 

4.17 

COOLANT inlet 

561.0 

50.8 

0.60 

-58.6 

4.17 

COOLANT EXIT 

3A7.0 

837.0 

0.60 

2855.1 

0.08 

TBV INLET 

333.5 

837.1 

0.36 

2855.1 

0.07 

TBV EXIT 

2 17.1 

837.9 

0.36 

2855.1 

0.05 

LOX TRB INLET 

333-5 

837.1 

0.23 

2855.1 

0.07 

LOX TRB EXIT 

305.3 

826.7 

0.23 

2818.0 

0.07 

HZ TRB II^ET 

305.3 

826.7 

0.23 

2818.0 

0.07 

H2 TRB EXIT 

226 .8 

792.0 

0.23 

269S.9 

0.05 

H2 TRB DIFF 

223.7 

792.0 

0.23 

2693.9 

0.05 

H2 BST TRB IN 

222.8 

792.0 

0.23 

2693.9 

0.05 

H2 BST TRB EXIT 

221 . 7 

791 .5 

0.23 

2692.2 

0.05 

H2 BST TRB DIFF 

221.5 

791.5 

0.23 

2692J 

0.05 

02 BST TRB IN 

220.6 

7*»1 .5 

0.23 

2697.2 

0.05 

02 BST TRB EXIT 

220.0 

791.3 

0.23 

2691.4 

0.05 

02 BST TRB DIFF 

220-0 

791.3 

0.23 

2691.4 

0.05 

H2 TANK PRESS 

18.6 

821.0 

0.0006 

2791.4 

0.0043 

GOX HEAT EXCH IN 

217.1 

819.7 

0.60 

2791.4 

0.05 

GOX HEAT EXCH OUT 

216.6 

819.3 

0.60 

2790.0 

0.05 

MIXER HOT IN 

216.6 

819.3 

0.60 

2798-0 

0.05 

MIXER COLD IN 

187.6 

m5 . 9 

0.00 

-80.9 

4.11 

MIXER OUT 

187.6 

819.5 

0.60 

2798.0 

0.04 

Fsv inlet 

187. tt 

819.5 

0.60 

2798.0 

0.04 

FSV EXIT 

180.5 

819.6 

0.60 

2798.0 

0.04 

CHAMBER INJ 

1 78 .0 

819.6 

0.60 

2790.0 

0.04 

CHAMBER 

158. 2 






■ OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

I®2. 7 

3.59 

61.1 

71-17 

8.P. EXIT 

25.5 

162.8 

3.59 

61.1 

71.16 

PUMP inlet 

25.5 

162.8 

3.59 

61.1 

71.16 

PUMP EXIT 

423.5 

167.1 

3.59 

63.5 

70.82 

02 tank PRESS 

16. 0 

400.0 

0.01 

204.1 

0.12 

POSV INLET 

423,2 

167.1 

2.68 

bJ.5 

70.82 

POSV EXIT 

207.6 

lb7.9 

2.68 

b].S 

70.46 

ocv inlet 

423,2 

lb7. 1 

0.90 

63.5 

70.82 

OCV EXIT 

158.2 

IbS.O 

0.90 

63.5 

70. la 

PRIMARY INJ 

1 <»8 .b 

167.9 

2.68 

63.5 

70.45 

SECONDARY INJ 

158.3 

U8.0 

0.90 

63.5 

70.38 

CHAMBER 

158.2 






valve 

DATA 




VALVE 

DELTA P 

-'•PFA 

FLOW 

\ BYPASS 


JBV 

85. 

0 . :oo 

0.00 

0.00 


TBV 

116. 

: . 2 2 3 

3.36 

61.09 


^SV 


: . ^53 

0.60 



POSV 

216. 

: . c:2 

2.68 



OCV 

2*5. 

0.0:0 

0.90 




I’s/JECTOR data 



• FUEL • 

. 

:xiD * 



IMARY 

SECOND 

2ELP man 

2.68 

- . 

0.02 

DELP INJ 

! 7. 10 

^0.41 

0.14 

AREA 

1 . 14 

1 . 08 

0.43 

FLOW 

D .60 

: . d8 

0.90 


Of POOR QUAini 
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TABLE 51. — ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 107o OF DESIGN THRUST LEVEL (CONTINUED) 


« TURBQ«ACHI>€»Y PERFORMANCE DATA » 


« H2 BOOST TURBINE • 



« Nil tt 

» H2 

BOOST PUMP • 

EFFICIENCY 

0.443 



EFFICIENCY 

0.444 

MORSEPOMER 

1. 



HORSEPOWER 

1 . 

SPEED (RPM) 

10195. 



SPEED 

(RPM) 

10195. 

MEAN DIA (IN) 

1 .90 



S SPEED 


1362 . 

EFF AREA (IN2) 

I .45 



HEAD 

(FT) 

228 . 

U/C (IDEAL) 

0.512 



DIA. 

( IN) 

: . 18 

MAX TIP SPEED 

84. 



TIP SPEED 

97. 

STAGES 

1 . 



VOL. flow 

61 . 

DELTA H (ACT) 

1 .49 



HEAD COEF 

3.781 

GAMMA 

1 .41 



FLOW COEF 

0 . 092 

PRESS RATIO (T/Tl 

1 1 .01 






• H2 TURBINE 

• 



** 

H2 PUMP 

. 


STAGE 1 

STAGE 2 


STAGE ONE 

stage two 





H H 



EFFICIENCY 

0,495 

0.538 

EFFICIENCY 

0.415 

0.571 

HORS£POI«R 

22. 

19. 

HORSEPOWER 

22. 

10. 

SPEED (RPM) 

39541 . 

3954 1 . 

SPEED (RPM) 

39541 . 

39541 . 

MEAN DIA ( IN) 

3 .47 

3.47 

3 SPEED 

361 . 

527. 

EFF AREA ( IN2 ) 

0.21 

0.24 

HEAD 

(FT ) 

8363 . 

506 1 . 

U/C (IDEAL) 

0.231 

0.258 

DIA. 

( IN } 

3 . 69 

3.02 

MAX TIP SPEED 

599. 

599. 

TIP SPEED 

634. 

521 . 

DELTA H 

t>6 . 

58. 

VOL. 

FLOW 

64 . 

64. 

GAMMA (ACT) 

1.41 

1 .41 

MEAD 

COEF 

0 . 664 

0.400 

PRESS RATIOCT/T 

I . 33 

1.35 

FLOW 

COEF 

0.030 

3 . 060 


STAGE THREE 


0.577 

39541 . 
S40. 
^i910. 


0.04C 


■ 02 BOOST TURBINE ■ 


EFFICIENCY 0.435 
HORSEPOWER 0. 
SPEED tRPM) C653. 
MEAN DIA ( IN ) 5.20 
EFF AREA I IN2 J 2 . 02 
U/C (IDEAL) 0.512 
MAX TIP SPEED bfl . 
STAGES 1. 
DELTA H (ACT) 0.87 
GAMMA 1.4I 
PRESS PATIO ( T/T ) 1,01 


>» 02 BOOST PUMP • 


EFFICIENCY 3.437 
HORSEPOWER 0, 
SPEED (RPM) 2o33. 

s SPEED ::6i . 

HEAD (FT) 19. 
DIA, ( IN ) 2.44 
TIP SPEED 28. 
VOL. FLOW 23. 
HEAD COEF 2 . 7<i0 
FLOW COEF 3.094 


• 02 TURBINE 

• 

» 02 PUMP * 


EFFICIENCY 

0.516 

EFFICIENCY 

: . 432 

HORSEPOWER 

12, 

HORSEPOWER 

12 . 

SPEED (RPM) 

26519. 

SPEED IRPMl 

75519. 

MEAN DIA : IN ) 

3.47 

S SPEED 

333 . 

EFF AREA ( IN2 ) 

0.25 

HEAD (FT) 

309 . 

U/C (IDEAL) 

0.212 

DIA. ( IN ) 

: .90 

MAX TIP SPEED 

4 02. 

TIP SPEED 

:do. 

STAGES 

1 . 

VOL. FLOW 

73 . 

DELTA H (ACT) 

37.16 

HEAD COEF 

: . 537 

GAMMA 

1.41 

FLOW COEF 

: . 044 

PRESS RATIO ( T/T ) 

: . 09 




Or fC.r:-: 
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TABLE 52 - ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 5 % OF DESIGN THRUST LEVEL 

ENGINE PERFORMANCE PARA>CTERS 


CHAMER PRESSURE 


78.4 

VAC ENGII« TFRUST 


1000. 

DEL. VAC. ISP 


4 78.5 

TOTAL ENGINE FLOM RATE 


2.1 

Tt«OAT AREA 


4.044 

nozzle area RATIO 


1000. 0 

ENGIIC MIXTURE RATIO 


4.00 

CHAMBER /NOZZLE COOLANT 

DP 

94. 

CHAWER /NOZZLE COOLANT 

DT 

891 . 

ETA C" 


0.993 

CHAWER /NOZZLE Q 


980. 


ENGINE STATION CONDITIONS 



« FUEL 

S-^-STEM CCNDITICNS • 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

B.P. INLET 

18.6 

57.4 

0.50 

- 107-5 

Q.P. EXIT 

21.5 

37.5 

0 . 50 

-107.2 

PUMP INLET 

21.5 

57.5 

0 . 50 

-107.2 

1ST STAGE EXIT 

128.5 

41.9 

0.30 

-95.7 

JBV inlet 

128.5 

41.9 

0 . 00 

- 43.7 

JBV EXIT 

95.2 

42. 1 

0.00 

-95.7 

2ND stage EXIT 

195.0 

45.4 

0.50 

-88 .0 

PUMP EXIT 

259.5 

44 .8 

0.30 

-82.5 

COOLANT l^CET 

258.8 

44.8 

0.30 

-82.5 

COOLANT EXIT 

142.8 

936.2 

0.30 

3197-0 

T8V INLET 

154.8 

956 . 3 

0.21 

5197-0 

TBV EXIT 

111.5 

456 . 6 

0.21 

5197.0 

LOX TRB INLET 

154.8 

936,5 

0.09 

5197.0 

LOX TRB EXIT 

144.0 

929. 1 

0.09 

5171.8 

H2 TRB IW-ET 

144.0 

929 . 1 

0.09 

5171.8 

M2 TRB EXIT 

114.8 

906.5 

0 .09 

5092.6 

H2 TRB DIFF 

1 14.4 

906.5 

0.09 

5092.6 

H2 BST TRB IN 

114.1 

906 .5 

0.09 

5092.6 

H2 BST TRB EXIT 

115,7 

906.2 

0.09 

5091-6 

H2 BST TRB DIFF 

115.6 

906.2 

0.09 

5091 .6 

02 BST TRB IN 

115.5 

906.2 

0.09 

5091.6 

02 BST TRB EXIT 

115.1 

406. 1 

0,09 

5091 . 1 

02 BST TRB DIFF 

115.1 

406. 1 

0 , 09 

5091 . 1 

H2 TANK PRESS 

18.6 

927.7 

0.0005 

3165.9 

COX MEAT EXCM IN 

111.5 

’27. 1 

0.50 

5 1 b3 .9 

OX HEAT EXCH OUT 

110.0 

42b. 7 

0.50 

5162.5 

TXER HOT IN 

110.0 

926.7 

0-30 

5162,5 

mixer cold in 

95.2 

42 . 1 

0.00 

-95.7 

MIXER OUT 

«5.2 

926.8 

0.30 

5162.5 

FSV INLET 

95.2 

426.8 

0 . 50 

51b2.5 

FSV EXIT 

91.2 

926.8 

0.30 

5162.5 

CHAMBER INJ 

89.8 

426.8 

0.50 

5162.5 

CHAMBER 

78. b 





• OXYGEN SYSTEM 

CONDITIONS 

• 

STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

B.P. INLET 

16.0 

lo2 . 7 

1 . 79 

61 . 1 

B.P. EXIT 

19. b 

’.t>2 . 7 

1 . 79 

6 1.1 

PUMP inlet 

19.6 

■.o2. 7 

1-79 

61.1 

PUW EXIT 

194.1 

IoS.2 

1.74 

62.4 

□2 TANK PRESS 

16.0 

-,00.0 

2 00 

204 ,8 

posv inlet 

194.0 

L t>5.2 

: . 79 

62.4 

POSV EXIT 

100.4 

loS.o 

1 . 79 

a2 . 4 

CCV INLET 

196.0 

lo5 .2 

3 . OQ 

b2 -4 

7CV EXIT 

78.6 

; =5 . b 

3. CO 

b2,4 

^RIHARY INJ 

96.4 

1 o5 . b 

1.79 

b2 . 4 

SECONDARY INJ 

78.6 

3 S , O 

2.00 

62.4 

SHAMBER 

78.6 





V 

alvE data 



VALVE 

Ct lTA ? 

area 

<^LCW 

T; BYPASS 

.8V 

:i . 

. 000 

3.00 

3.00 

■"SV 

A J . 

L 5 1 5 

3.2 1 

o8. 78 

= SV 

- . 

aS5 

0.50 


POSV 

‘ •> . 

. 352 

i . 79 


.:cv 


. . 300 

0 . 00 




,;r ■'■R DATA 



* fuel 


* OXID • 




: 

SECOND 


SELF man ! .51 


0 . 00 


DELP INJ 

75 

; 

3.00 


area 1 . 

14 


3.45 


-LOH 0 . 

50 


3 . 00 



DENSITY 

^.i7 

^.34 

c,.2^ 

a. 22 

A. 22 
O.tS 
0.8S 
0.02 
0.05 
0.05 
0.05 
0.«2 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.0058 
0.02 
0.02 
0.02 

0-02 

0-02 

0.02 

0.02 


DENSITY 
71.17 
71.16 
71.16 
70. »l 
0.12 
70-?I 

70. 75 
70.91 
70.72 

70.75 
70.72 


Of«GIM4L F £ 
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TABLE 52. — ADVANCED ENGINE PARAMETRIC STUDY SPLIT-EXPANDER 

ENGINE 5% OF DESIGN THRUST LEVEL (CONTINUED) 


■ TURBO«CHI>«Y performance DATA ■ 


• M2 BOOST TURBINE • 


EFFICIENCY O.JU 

HORSEPOMER 0. 


SPEED 

(RPM) 

6152. 

MEAN DIA 

( IN) 

1 .98 

EFF AREA 

( IN2) 

1 .45 

U/C 

(IDEAL) 

0.512 

MAX TIP 

SPEED 

51. 

STAGES 


1. 

DELTA H 

(ACT) 

0.97 

GAMMA 


1.45 

PRESS RATIO (T/T) 

1.01 


» H2 TURBINE * 


STAGE I STAGE 2 


■ M2 BOOST PUMP • 


EFFICIENCY 

0-376 

HORSEPOMER 

0. 

SPEED (RPM) 

6152 . 

S SPEED 

1 187. 

HEAD (FT) 

88. 

DIA. (IN) 

2. 18 

TIP SPEED 

58. 

VOL. FLOW 

31 . 

HEAD COEF 

0.828 

FLOW COEF 

0.076 


H2 PUMP • 


STAGE ONE STAGE TWO STAGE THREE 


EFFICIENCY 

0 .370 

0.417 

HORSEPOWER 

6 . 

5. 

SPEED (RPM) 

25943. 

25943. 

MEAN DIA ( IN) 

3.47 

3-47 

EFF AREA ( IN2 ) 

0.21 

0.24 

U/C (IDEAL) 

0.163 

0.188 

MAX TIP SPEED 

593. 

393. 

DELTA H 

43 . 

34. 

GAMMA (ACT) 

1 .43 

1.43 

PRESS RATIO(T/T 

1 .33 

1.35 


« 02 BOOST TURBINE • 


EFFICIENCY 0.507 

horsepower 0- 

SPEED CRPM) 1S79. 

MEAN DI A ( IN ) S .20 

cFF AREA C in: ) 2-02 

U/C MDEAL) 0.512 

MAX TIP SPEED 56. 

STAGES I • 

delta H I ACT ) 0 .A9 

GAMMA 1.63 

PRESS RATIO ( T/T ) I . 01 


EFFICIENCY 

0 . 340 

0.508 

HORSEPOWER 

6 . 

2 . 

SPEED (RPM) 

25943 . 

25943. 

S SPEED 

314 . 

446. 

►CAD (FT) 

3590. 

2254. 

DIA. (IN) 

3 .69 

3 . 02 

TIP SPEED 

4 18 . 

342. 

VOL. FLOW 

31 . 

32 . 

►CAD COEF 

0.662 

0.621 

FLOW COEF 

0 . 023 

0 . 046 


« 02 BOOST PUMP « 


EFFICIENCY 0.369 
HORSEPOWER 0 • 
SPEED IRPM) 1579. 
S SPEED 1 188 . 
HEAD (FT) 7. 
DIA. ( IN) 2.A<1 
TIP SPEED 17. 
VOL, FLOW 11- 
HEAD COEF 0.839 
FLOW COEF Q -078 


0.515 

259A3. 

A57. 


3A2. 

32. 

0.603 

0.0A6 


« 02 

TURBINE « 


EFFICIENCY 

0 . 383 

horsepower 

3 . 

SPEED 

(RPM) 

17635. 

MEAN DIA 

(IN) 

3.47 

EFF AREA 

( IN2 ) 

0.25 

U/C 1 

: IDEAL ) 

0 . 147 

MAX TIP SPEED 

267- 

STAGES 


1 . 

DELTA H 

( ACT ) 

25 . 18 

GAMMA 


1 .43 

■^RESS RATIO [ T/T ) 

1 .07 


« 02 PUMP • 


EFFICIENCY 

0 . 352 

HORSEPOWER 

: . 

SPEED (RPM) 

17635. 

S SPEED 

72 1 . 

HEAD (FT) 

358 . 

DIA. ( IN ) 

1 . 

TIP SPEED 

147 . 

VOL . FLOW 

1 1 . 

MEAD COEF 

: .537 

FLOW COEF 

0 .033 


nr 
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TABLE 53. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 100% OF DESIGN THRUST LEVEL 

ENGINE PEVORMANCC PARAMETERS 


CHAMBER PRESSURE I7A3.9 


VAC 

ENG DC T>«UST 


20008. 


□EL. 

. VAC. ISP 



480. • 


TOTAL ENGINE FLCM RATE 


41.7 


THROAT AREA 



5.567 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


6.00 


CHAMBER /NOZZLE 

COOLANT 

DP 

876. 


CHAMBER /NOZZLE 

COOLANT 

DT 

503. 


ETA 

C» 



0.993 


CHAMBER /NOZZLE 

0 


11390. 



ENGII>C 

STATION 

CONDITIONS 




■ FUEL system CONDITIONS ■ 



STATION 

PRESS 

TEMP 

FLOW 

ENTFUN.PY 

DENSITY 

B.P. INLET 

18.6 

37.4 

5.96 

- 107. S 

4.37 

B.P. EXIT 

100. z 

38.5 

5.96 

- 105.0 

4.39 

3UMP INLET 

100. z 

38.5 

5.96 

- 103.0 

4.39 

1ST STAGE EXIT 

I877.fr 

fr3. 7 

5.96 

8.5 

4.42 

2ND STAGE EXIT 

36A3.0 

87.7 

5.96 

118.3 

4 .47 

PUMP EXIT 

5A03.Z 

UQ.6 

5.96 

226.1 

4.54 

CtXD REGEN IN 

53A9.1 

111.1 

5.96 

226.1 

4.52 

COLO REGEN EX 

5295.6 

255.4 

5-96 

75 7.5 

2.73 

COOLANT IfCET 

5295.6 

255-4 

5.96 

75 7.5 

2.73 

COOLANT EXIT 

AAZl .6 

758.6 

5.96 

2668.9 

0-96 

TBV INLET 

A377.3 

758.9 

0.31 

2668.9 

0.95 

TBV EXIT 

2035. 2 

773.8 

0.31 

2a68.9 

0.47 

LOX TRB IICET 

A377. 3 

758.9 

5.65 

2668.9 

0.95 

LOX TRB EXIT 

3978.6 

744.7 

5.65 

2608.9 

0.89 

H2 TRB 1M.ET 

3978.6 

744 . 7 

5.65 

2608.9 

0.89 

H2 TRB EXIT 

2162. A 

657.7 

5.65 

2261.7 

0.58 

MZ TRB DIFF 

Z 131 . I 

657.8 

5.65 

2261.7 

0.57 

HZ BST TRB IN 

2109.8 

»58.0 

5.65 

2261.7 

0.56 

HZ BST TRB EXIT 

2090. 5 

656.7 

5.65 

2257.0 

0.56 

HZ BST TRB DIFF 

2077.0 

656.8 

5.b5 

2257.0 

0.56 

OZ BST TRB IN 

2056.3 

fr56.9 

5. 65 

2257.0 

0.55 

02 BST TRB EXIT 

20A6.9 

•56.2 

5.65 

2254.6 

0.55 

OZ BST TRB DIFF 

Z0A5.A 

656.3 

5.65 

2254.6 

0.55 

HZ tank PRESS 

18.6 

• 73.5 

0.0071 

2275.8 

3 .0052 

GOX MEAT EXCH IN 

2035.2 

frfrZ . 4 

5 .fr5 

22 75.8 

G .54 

GOX HEAT EXCH OUT 

2026-0 

662.0 

5.65 

2274.4 

Q .54 

>^OT REGEN IN 

2026.0 

6o2.0 

5.65 

2274.4 

0.54 

HOT REGEN EX 

1«»65.A 

507.3 

5 .o5 

1714.0 

0.67 

FSV INLET 

I<»65.A 

520.9 

5.95 

1 763.4 

0.66 

FSV EXIT 

1916.2 

521 . 1 

5.95 

1 763.4 

0.»4 

CHAMBER INJ 

1897.1 

521 .2 

5.95 

I 763.4 

3.fr3 

CHAMBER 

1 763.5 






■ OXYGEN SYSTEM 

conditions 

. 


STATION 

PRESS 

'EMP 

FLOW 

ENThiALPY 

DENSITY 

B.P, INLET 

16.0 

IfrZ. 7 

35 .77 

• 1.1 

7i , 17 

B.P. EXIT 

134.9 

lfr3.3 

35.7 7 

61.5 

71 .20 

OUMP INLET 

134.9 

lo3.5 

35.7 7 

bl.5 

71 .20 

PUMP EXIT 

2852.9 

176.1 

35.77 

70.9 

71.70 

OZ TANK PRESS 

16.0 

400.0 

0.06 

204.8 

0,12 

POSV INLET 

2824.3 

176.2 

8.55 

70.9 

71 .*5 

POSV EXIT 

2309.8 

178.2 

8.55 

70.9 

70.86 

ccv inlet 

2824.3 

1 76.2 

27.16 

70.9 

71 -frS 

OCV EXIT 

1 '>36.8 

I ro. 6 

27.16 

70.9 

70 .27 

PRIMARY INJ 

2210.2 

i 78.5 

a .55 

70-9 

70.70 

CECONDARV INJ 

1 <>05 . 3 

*79.7 

27.16 

70.9 

*0.22 

:mamber 

1763-8 






VALVE 

DATA 




VALVE 

DELTA P 

AREA 

FLOW 

\ BYPASS 


•3V 

2342. 

2.014 

0.31 

5.17 


= SV 


I .528 

5.95 



POSV 

515. 

’ . 367 

9 .55 



CCV 

■i87. 

: . 161 

27.16 




INJECT 

CR DATA 




‘ FUEL 


• GXID 

< 




PRIMARY 

SECOND 



lElp man : . '•3 

-9.57 

15.71 



:elp INJ 

-Ub . i 

141.36 



area l.OS 

D : 

7 

0.41 



=LOW 5.^5 

8.5 

5 

27.16 
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TABLE 53. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 100% OF DESIGN THRUST LEVEL 

(CONTINUED) 


> TURBQMACHirCRV PERFORHANCC DATA « 


« H2 BOOST TURBINE ■ ■ H2 BOOST PUMP ■ 


EFFICIENCY 

0.797 

EFFICIENCY 

0.766 

HORSEPOWER 

IS. 

HORSEPOWER 

28. 

SPEED (RPM) 

AS998. 

SPEED (RPM) 

A5998. 

MEAN DIA (IN) 

1.20 

S SPEED 

30A7. 

EFF AREA ( IN2 ) 

2.A9 

MEAD (FT) 

2682. 

U/C (IDEAL) 

0. A7B 

DIA. (IN) 

2.18 

MAX TIP SPEED 

260. 

TIP SPEED 

AJ7. 

STAGES 

1. 

VOL. FLOW 

609. 

flELTA M fACT) 

A . 75 

HEAD COEF 

0. A5l 

GAMMA 

1.25 

FLOW COEF 

0.201 

PRESS RATIO (T/T) 

1 .01 




<• H2 TURBINE 

m 



• H2 PUMP 

« 



STAGE 1 

STAGE 2 


STAGE ONE 

STAGE TWO 

STAGE THREE 

EFF ICIENCY 

0.8A1 

0.828 

EFFICIENCY 

0 . 668 

0.669 

0.670 

HORSEPOWER 

1288. 

1287- 

HORSEPOWER 

961 . 

925. 

909. 

SPEED (RPM) 

12691 I . 

126911 - 

SPEED (RPM) 

12691 1 . 

126911 . 

126911 . 

MEAN DIA (IN) 

2 . 78 

2.78 

S SPEED 

822. 

826. 

831 . 

EFF AREA ( IN2 ) 

0 .21 

0.60 

HEAD (FT) 

58028. 

57176. 

5*217. 

U/C (IDEAL) 

0.671 

0.667 

OlA. (IN) 

3.63 

3.63 

3 .63 

MAX TIP SPEED 

1515. 

1515. 

TIP SPEED 

1869. 

1869. 

1868. 

DELTA H 

1 76 . 

173. 

VOL. FLOW 

60S. 

599. 

589. 

GAMMA (ACT) 

1 . 25 

1.35 

I«AD COEF 

0.535 

0.527 

0.518 

PRESS RATIOtT/T 

I . 36 

1.37 

FLOW COEF 

0.099 

0.099 

0.099 


• 02 BOOST TURBINE • 

• 02 BOOST 

PUMP « 

EFFICIENCY 

0.863 

EFFICIENCY 

0 . 766 

HORSEPOWER 

20. 

HORSEPOWER 

20 . 

SPEED (RPM) 

12315. 

SPEED (RPM) 

12315. 

MEAN DIA [ IN) 

3 . b8 

S SPEED 

;028 . 

EFF AREA [ I N2 > 

3 ,»0 

HEAD (FT) 

261 . 

U/C [IDEAL) 

0.516 

DIA. (IN) 

2,66 

MAX TIP SPEED 

198 . 

TIP SPEED 

13 1 . 

STAGES 

1 . 

VOL. FLOW 

226. 

DELTA H (ACT) 

: .5» 

HEAD COEF 

0,650 

GAMMA 

1 . 35 

FLOW COEF 

0.20) 

PRESS RATIO (T/T) 

1 .00 




“ 02 

TURBINE ■ 


• D2 PUMP • 


EFFICIENCY 

0.852 

EFFICIENCY 

0 . 739 

HORSEPOWER 

680. 

horsepower 

680 . 

SPEED 

(RPM ) 

76933. 

SPEED (RPM) 

76933 . 

MEAN DIA 

{ IN ) 

2 , 78 

S SPEED 

18 13. 

EFF AREA 

( IN2 ) 

0.63 

HEAD (FT) 

5657 . 

U/C ( 

IDEAL ) 

0 . 696 

DIA. (IN) 

1 . 92 

MAX TIP S 

.PEED 

“33. 

TIP SPEED 

666 . 

STAGES 


1 . 

VOL. FLOW 

226 . 

DELTA H 

: act ) 

o0.06 

HEAD COEF 

0.623 

SAMMA 


1 . 35 

FLOW COEF 

0 . 156 

^RESS RAT ID [ T/T ) 

1 . 10 
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TABLE 54. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 50% OF DESIGN THRUST LEVEL 


ENGINE PERFORHAMCE PARAMETERS 


CHAWER PRESSURE 



877.5 

VAC 

ENGIKf TWUST 



lOOOB. 

DEL. 

VAC. ISP 




479.B 

TOTAL ENGI»C FLOH RATE 



20.B 

THROAT AREA 




5.547 

NOZZLE AREA RATIO 



lOOQ.B 

ENGUC HIiaURE 

RATIO 



6 .Of 

CHAMBER /NOZZLE 

COOLANT 

DP 


703. 

CHAMBER /NOZZLE 

COOLANT 

DT 


59B. 

ETA 

C" 




0.993 

CHAMBER/NOZZLE 

0 



6520. 


ENGINE 

STATION 

CONDITIONS 



• FUEL 

SYSTEM CONDITIONS • 


STATION 

PRESS 

TEMP 


FLOH 

ENTH7M-PY 

B.P. INLET 

18.4 

37.4 


2.98 

'107.5 

B.P. EXIT 

52.5 

37.9 


2.98 

•lOS-4 

PUMP INLET 

52.5 

37.9 


2.98 

-105.4 

1ST STAGE EXIT 

894.4 

51.0 


2.98 

'50.2 

2ND STAGE EXIT 

1724.1 

63.4 


2.98 

3.9 

PUMP EXIT 

2535.4 

75.3 


2 . 98 

54.7 

COLD REGEN IN 

2521.4 

75.4 


2 . 98 

54.7 

COLD REGEN EX 

2502.1 

262.1 


2.98 

751.9 

COOLANT INLET 

2502.1 

262. 1 


2.98 

751.9 

COOLANT EXIT 

1799.1 

851.6 


2. 98 

2939.4 

TBV INLET 

1770.9 

851.8 


0 . 94 

2939.4 

TBV EXIT 

1018.3 

856.6 


0 . 94 

2939.4 

LOX TRB INLET 

1770.9 

851.8 


2 . 04 

2939.4 

LOX TRB EXIT 

1628.9 

839.0 


2 . 04 

2890-7 

H2 TRB I«.ET 

1628.9 

839.0 


2.04 

2890.7 

H2 TRB EXIT 

1 057.4 

775-5 


2.04 

2654.1 

H2 TRB DIFF 

1047.6 

775.6 


2.04 

2654. 1 

M2 8ST TRB IN 

1041.1 

775.6 


2 . 04 

2654.1 

H2 BST TRB EXIT 

1035. L 

774.8 


2.04 

2 651.2 

H2 BST TRB DIFF 

1030.9 

774.9 


2 . 04 

2651.2 

02 BST TRB IN 

1024.7 

774.9 


2.04 

2451.2 

02 BST TRB EXIT 

1021 .8 

7 74.5 


2.04 

2449.7 

C2 BST TRB DIFF 

1021.4 

7 74.5 


2.04 

2449.7 

H2 tank press 

18.6 

806.6 

0 

. 0030 

2740. 7 

GOX HEAT EXCH IN 

1018.3 

800.3 


2 . 04 

2740. 7 

GOX HEAT EXCH OUT 1015.5 

709.8 


2 . 04 

2738.7 

hot REGEN IN 

1015.5 

70A .8 


2 . 04 

2738. 7 

HOT REGEN EX 

996 . 7 

514.2 


2 . 04 

1724.9 

F3V inlet 

'»96 . 7 

o20 . 3 


2 . 98 

2104.5 

FSV EXIT 

'»67.6 

o20.4 


2 . «8 

2 104.5 

CHAMBER INJ 

956.8 

o20.5 


2 . 00 

2104.5 

CHAMBER 

877.4 






• OXYGEN SYSTEM CONDITIONS 

. 

STATION 

PRESS 

'EHP 


FLOW 

ENTHALPY 

B.P. INLET 

It> .0 

lb2 .7 


17. «0 

bl . 1 

B.P. EXIT 

b4 . 7 

lo3.0 


17. «0 

61.2 

PUMP INLET 

b4. 7 

U3.0 


17,90 

bl.2 

PUMP EXIT 

1571.5 

170.8 


17.90 

64.8 

02 TANK PRESS 

16.0 

400.0 


0,03 

204.8 

POSV INLET 

1564 . 3 

170.9 


6.87 

b6 .8 

POSV EXIT 

1220.4 

172.1 


b.87 

b6.8 

ocv inlet 

15o4 , 5 

1 70. =» 


11.00 

b4.B 

OCV EXIT 

=>05.8 

173.2 


11.00 

64.8 

PRIMARY INJ 

1166.0 

172.2 


0.87 

b4.8 

SECONDARY INJ 

900 . 7 

172.3 


11.00 

66.8 

CHAMBER 

877 . 6 






valve data 




VALVE 

DELTA P 

-REA 


FLOW 

\ BYPASS 

7BV 

75 2 . 

. S9 


0 . =»4 

31 .42 

FSV 

: =« . 

528 


2 . ■'8 


POSV 

;;4 . 

■ . J 0 7 


0.87 


OCV 

^5», 

; . 0 7 6 


11.00 



‘V.,'ECT •:» DATA 


2 ELP 

HAN 

^ FUEL » 
1 1 .25 

-■R JMAW Y 

-■■ID ■* 

SECOND 

2.57 

2 ELP 

INJ 

58.07 

;,^a .c . 

23 . 15 

AREA 


1.05 

1. 0 : 

0.41 

iPLOW 


2.98 

5.8.' 

n .00 


204 


DENSITY 

A.J7 

A. a 
A. 36 
A. 36 
A.J7 
A. 14 
l.SS 
l.» 

s.ia 

0.17 

0.22 

0.17 

O.IS 

O.IS 

0.25 

o.rs 

0.2A 
0.2A 
0.2A 
0.2A 
0.2A 
0.2A 
0 . 00A4 
0.21 
0.21 
0.23 
0.15 
0.29 
0 - 2 « 
0.28 


DENSITY 

71.17 

71.18 

71.18 
71.35 

0.12 
71.3A 
70.00 
7 1.1A 
70.27 
70.70 
70.24 
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TABLE 54. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 50% OF DESIGN THRUST LEVEL 

(CONTINUED) 


■ TURBOMAOilNERY PERFORMANCE DATA " 


■ H2 BOOST TURBINE » 

• H2 BOOST 

PUMP « 

EFFICIENCY 

0.648 

EFFICIENCY 

0.729 

HORSEPOWER 

S. 

HORSEPOWER 

8. 

SPEED IRPM) 

2 7085. 

SPEED (RPM) 

27085. 

MEAN DIA (IN) 

I .50 

S SPEED 

2454. 

EFF AREA (1N2) 

2.49 

h+EAD (FT) 

) 115. 

U/C (IDEAL) 

0 .478 

DIA. (IN) 

2 . 18 

MAX TIP SPEED 

155. 

TIP SPEED 

257, 

STAGES 

I . 

VOL. FLOW 

506. 

DELIA H (ACT) 

2.87 

head COEF 

0.541 

GAMMA 

1.45 

FLOW COEF 

0.172 

PRESS RATIO (T/T) 

1 .01 




- H2 TURBINE 

• 



■» H2 PUMP 

" 



stage I 

STAGE 2 


STAGE ONE 

STAGE TWO 

STAGE three 








EFFICIENCY 

0.690 

0.713 

EFFICIENCY 

0 . 646 

0 . 649 

0.652 

HORSEPOWER 

565. 

521 . 

HORSEPOWER 

253. 

228. 

222. 

SPEED (RPM) 

81622. 

81622. 

SPEED (RPM) 

81622. 

81622. 

81622. 

MEAN DIA ( IN) 

2 . 78 

2 . 78 

S SPEED 

665 . 

675. 

683. 

EFF AREA ( IN2 ) 

0.31 

0.40 

HEAD (FT) 

27819 . 

27316. 

26753. 

U/C (IDEAL) 

0.328 

0.554 

DIA. (IN) 

5.45 

3.45 

3.43 

MAX TIP SPEED 

990 . 

9<*0. 

TIP SPEED 

1221 . 

1221 . 

1221 . 

DELTA H 

125 . 

111. 

VOL. FLOW 

507. 

307. 

306. 

GAMMA (ACT) 

1 .45 

1 .45 

MEAD COEF 

0.600 

0.589 

0.5 78 

PRESS RATIO(T/T 

1 . 54 

1 .57 

FLOW COEF 

0.076 

0 . 078 

0.079 


• 02 BOOST TURBINE • 

" 02 BOOST 

PUMP » 

EFFICIENCY 

0 . 701 

EFFICIENCY 

0. 729 

HORSEPOWER 

4. 

HORSEPOWER 

4 . 

SPEED (RPM) 

7188. 

SPEED (RPM) 

' . 

■^FAN DIA ( IN ) 

5 . 68 

S SPEED 

: .V.2 . 

£FF AREA (IN2) 

5 . 60 

HEAD (FT) 

o q . 

U/C (IDEAL) 

0.514 

DIA . ( IN ) 

2 . 44 

'^AX TIP SPEED 

1 15 . 

TIP SPEED 

77. 

stages 

1 . 

VOL. flow 

113. 

delta H (act ) 

1 .52 

HEAD COEF 

S.542 

GAMMA 

1 .45 

'^LCW COEF 

: . 1 72 

^RESS RATIO ( T/T ) 

1 . 00 




• 02 TURBINE ■ 


** 02 PUMP • 


EFFICIENCV 

0 . 704 

E>^FICI£NCV 

0. ;q2 

HORSEPOWER 

141 . 

HORSEPOWER 

14 1. 

)PEED (RPM) 

55400. 

SPEED (RPM) 

55400 . 

'^EAN DIA ( IN ) 

2 . 78 

S SPEED 

1 584 . 

FF AREA (1N2) 

0.45 

“EAD (FT) 

5041 . 

j/C (IDEAL) 

0 . 548 

DIA. ( IN ) 

1 . '^2 

HAX TIP SPEED 

o48. 

’'I? SPEED 

447 . 

stages 


VCL. FLOW 

: 15 , 

DELTA H [ act ) 

48 . 72 

-EAD COEF 

5 .4^0 

SAMMA 

1 .45 

=LDW COEF 

3.112 

^RESS RATIO (T 'T ) 

: . 09 




REGENERATOR DATA 


-LOW 

•'FFECTIVEME3G 

MTU 

'.RATIO 

OMIN 

REGEN Q 


hot side 

18 .84 
-:85 .59 
1.46 
r .04 

0.59 

0.b2 

O.bS 

r . 2 6 

:372.05 



COLD SIDE 

DELP 

; a . 24 

CELT 

:8o . 70 

area 

0.41 


: . 98 
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TABLE 55. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 10% OF DESIGN THRUST LEVEL 

ENGINE PERFORMANCE PARAMETEKS 


CHAMBER PRESSURE 


171. 1 

VAC ENGI>C THRUST 


2QM. 

DEL. VAC. ISP 


A7f.i 

TOTAL ENGINE FLOM RATE 


4.2 

THROAT AREA 


5.547 

NOZZLE AREA RATIO 


1000.9 

ENGINE MIXTURE RATIO 


6.M 

CMAMBER/NOZZLE COOLANT 

DP 

142. 

CHAMBER /NOZZLE COOLANT 

DT 

841. 

ETA C" 


0.»9J 

CHAMBER /NOZZLE Q 


1808. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS • 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

8.P. INLET 

18.6 

37.4 

0.60 

- 197.5 

4.37 

B.P. EXIT 

22.7 

37.4 

0.60 

-197.2 

4.37 

PUMP INLET 

22.7 

37 .4 

3.60 

-107.2 

4.37 

1ST stage exit 

162.8 

41.1 

0.60 

-95.0 

4.52 

2ND STAGE EXIT 

299.4 

44.2 

0.60 

-83.1 

4.27 

PUMP EXIT 

432.3 

47.3 

0.60 

-71.6 

4.25 

COLD REGEN IN 

431.7 

47.3 

0.60 

-71 .6 

4.23 

COLD REGEN EX 

428.9 

2 76 . ; 

0.60 

816.4 

0.29 

COOLANT Ih4_ET 

428.9 

276. ' 

0.60 

814.4 

0.29 

COOLANT EXIT 

286.9 

1118.1 

0.60 

3831.7 

0.05 

TBV INLET 

277.9 

1118.2 

0.37 

3831.7 

0.05 

TBV EXIT 

207.8 

1118.7 

0.37 

3831.7 

0.03 

LOX TRB I>4.ET 

277 . 9 

1118.2 

0.23 

3831.7 

0.05 

LOX TRB EXIT 

263.3 

1112.0 

0.23 

3809.7 

0.04 

H2 TRB IN.ET 

263.3 

1112.0 

0.23 

3809.7 

0.04 

H2 TRB EXIT 

211 .2 

1085.8 

0.23 

3717.4 

0.04 

H2 TRB DIFF 

210.3 

1085.8 

0.23 

3717.4 

0.04 

H2 BST TRB IN 

209.7 

1085 .8 

0.23 

3717.4 

0.04 

H2 BST TRB EXIT 

209.2 

1085.6 

0.23 

3716.5 

0.04 

H2 BST TRB DIFF 

208.8 

1085.6 

0.23 

3716.5 

0.04 

02 BST TRB IN 

208.3 

1085.6 

0.23 

3716.5 

0.04 

02 BST TRB EXIT 

208 , 1 

1085 .5 

0.23 

3716.1 

0.04 

02 BST TRB DIFF 

2 08.0 

1085.5 

0.23 

3716.1 

0.04 

H2 TANK PRESS 

18.6 

1107.3 

0 .0004 

3787. 1 

0.0032 

GOX HEAT EXCH IN 

207.8 

1105.9 

0,23 

5787.1 

0.04 

GOX HEAT EXCH OUT 

207 .5 

1104.8 

0.23 

3783.3 

0.04 

HOT REGEN IN 

207.5 

1 104 .8 

0.23 

3783.3 

0.04 

HOT REGEN EX 

2 05.9 

449.8 

0.23 

1482.7 

0.09 

FSV INLET 

205 . 9 

857 .8 

0 . &0 

2 925. 1 

0.04 

FSV EXIT 

1«8 . 1 

857 . 9 

0.60 

2925-1 

0.04 

CHAMBER INJ 

195.2 

85 7.9 

0. bO 

2925-1 

0.04 

CHAMBER 

173.1 






« OXYGEN SYSTEM 

CONDITIONS 

» 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

density 

B.P. INLET 

16.0 

1 1>2 . 7 

3.59 

61.1 

71.17 

B.P. EXIT 

21 .6 

162.7 

3 .59 

61 . 1 

71.17 

PUMP INLET 

21.6 

U2 . 7 

3 .59 

61.1 

71.17 

PUMP EXIT 

293.6 

1 o5 . 1 

3 .59 

62.5 

71.03 

02 TANK PRESS 

16.0 

400 .0 

0.01 

204.8 

0.12 

POSV INLET 

293 . 3 

U5 . 1 

2.87 

62.5 

71.03 

POSV EXIT 

234.6 

lo5 .4 

2 .87 

*2-5 

70.93 

OCV INLET 

293 . 3 

165.1 

3.70 

62.5 

71.03 

OCV EXIT 

1 73.2 

1 »5 . 6 

3 . 70 

•2.5 

70.83 

PRIMARY INJ 

223.4 

1d5 .4 

2.87 

62.5 

70.92 

SECONDARY INJ 

I 73.2 

1 o5 . 6 

3 . 70 

»2.5 

70.83 

CHAMBER 

173.1 






YALVE data 


VALVE 

delta P AC 

" =LOW 

X BYPASS 

TBV 


'.37 

bl.41 

FSV 


.8 50 


POSV 

" . : 

o7 . J7 


OCV 

.20. ■ . 0 

11 0.70 



injector 

DATA 



* FUEL ^ 

□ XID •• 



RRIMARV 

SECOND 


DELP MAN 

r.as 5.5=» 

0.01 


DELP INJ 

.‘>.12 5 0.:.' 

0 . 09 


AREA 

1.05 3.0/ 

0 .41 


FLOW 

0.60 2.37 

0 . 70 
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TABLE 55. - ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 10% OF DESIGN THRUST LEVEL 

(CONTINUED) 


■ TURBOH*CHl»CltV PERFORMAHCE DATA > 


• HZ BOOST TURBINE ■ 


■ HZ BOOST PUMP 

§m 

■ 


EFFICIENCY 

0.3D1 


EFFICIENCY 

0.543 


HQRSEPQftCR 

$. 


HORSEPOWER 

0. 


SPEED (RPN) 

8U0. 


SPEED (RPH) 

8140. 


ICAN DIA UN) 

1.30 


S SPEED 

1632. 


EFF AREA CIN2) 

2. *9 


ICAD ( FT ) 

133. 


U/C UDEAL) 

0.478 


DIA. (IN) 

2.18 


MAX TIP SPEED 

4(. 


TIP SPEED 

77. 


stages 

1. 


VOL. FLOW 

61 . 


DELTA M (ACT) 

0.8L 


MEAD COEF 

0.712 


GAHMA 

1.40 


FLOW COEF 

0.115 


PRESS RATIO (T/T) 

1.01 





■ HZ TURBINE 

K 


■ H2 PUMP ■ 




STAGE 1 

STAGE 2 

STAGE ONE STAGE TWO 

STAGE T>«EE 




KMNNIINMIiR Rl 



EFFICIENCY 

0.371 

0.417 

EFFICIENCY 0.489 

0.495 

0.582 

H0RSEPO6CR 

U. 

14. 

H0RSEPO4ER 10. 

10. 

10. 

SPEED ( RPH ) 

32027. 

32027. 

SPEED (RPH) 32027. 

32027. 

32027. 

«AN DIA UN) 

2.78 

2.78 

S SPEED 448. 

455. 

464. 

EFF AREA (IN2) 

0.31 

0.40 

HEAD (FT) 4653. 

4580. 

4498. 

U/C (IDEAL) 

0.149 

0.173 

OlA. UN) 3.43 

3.43 

3.43 

KAX TIP SPEED 

388. 

388. 

TIP SPEED 479. 

479. 

479. 

DELTA H 

50. 

42. 

VOL. FLOW 62, 

63. 

63. 

GANNA (ACT) 

1 .40 

1 .40 

HEAD COEF 0.652 

0.642 

0.631 

PRESS RATIOIT/T 

1 .34 

1.37 

FLOW COEF 0.039 

0.040 

0.042 

« 02 BOOST TURBINE • 


» 02 BOOST PUMP 

1 m 
m 


EFFICIENCY 

0.322 


EFFICIENCY 

0.536 


HORSEPOWER 

0. 


HORSEPOWER 

0 . 


SPEED (RPM) 

2117. 


SPEED (RPM) 

2117. 


MEAN 01 A (IN) 

3 . 68 


S SPEED 

1 633. 


EFF AREA ( 1N2 J 

3.60 


HEAD (FT) 

1 1 . 


U/C (IDEAL) 

0.514 


DIA. (IN) 

2.44 


KAX TIP SPEED 

34. 


TIP SPEED 

23. 


STA(0ES 

1 . 


VOL. FLOW 

23. 


DELTA H CACTI 

0.42 


HEAD COEF 

0.717 


GAHMA 

1 .40 


FLOW COEF 

0.117 


PRESS RATIO (T/T) 

1.00 





■ 02 TURBINE 

* 


« 02 PUMP « 



EFFICIENCY 

0.371 


EFFICIENCY 

0.502 


horsepower 

7. 


HORSEPOWER 

7 . 


SPEED (RPH) 

21785. 


SPEED (RPM) 2 

1785. 


MEAN DIA ( IN) 

2 . 78 


S SPEED 

911. 


EFF AREA (IN2) 

0.43 


HEAD (FT) 

552 . 


U/C (IDEAL) 

0. 153 


DIA. (IN) 

1 .92 


MAX TIP SPEED 

264. 


TIP SPEED 

182 . 


STAGES 

1 . 


VOL. FLOW 

2 3 . 


DELTA H (ACT ) 

2 1 .98 


HEAD COEF 

0.534 


GAHMA 

1 .40 


FLOW COEF 

0 . 055 


PRESS RATIO (T/T) 

1 .06 






REGENERATOR DATA 


COLD SIDE 
DELP 2.82 

DELT 229. 

AREA 0.41 

FLOM 0.60 

EFFECTIVENESS 
NTU 

CRATIO 
CNIN 
REGEN Q 


HOT SIDE 
1 .60 
-654.98 
I .46 
0.23 


1.18 

0.35 

0.81 

530.04 
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TABLE 56. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 5% OF DESIGN THRUST LEVEL 

ENG lie PERFORMANCE PARAMETERS 


CHAWER PRESSURE 


¥AC 

ENG1»C T>«UST 


lOM. 


DEL. 

VAC. ISR 



47B.5 


TOTAL ENGIIC FLON RATE 


2.1 


TNROAT AREA 



5.547 


NOZZLE AREA RATIO 


1008.i 


ENGINE MIXTURE 

RATIO 


4.M 


CHAfVER /NOZZLE 

COOLANT OP 


55. 


CHAMBER /NOZZLE 

COOLANT OT 


928. 


ETA 

C» 



0.99S 


CHAMBER /NOZZLE 

Q 


99B. 



ENGI^C 

STATION CONDITIONS 




■ FUEL SYSTEM CONDITIONS • 



STATION 

PRESS 

TEMP 

FLON 

ENTHALPY 

DENSITY 

B.P. I»LET 

18. i 

37-4 

0.50 

-IB7.5 

4.57 

B.P. EXIT 

20.1 

37-4 

0.50 

-IB7.4 

4.57 

PIRV I>LET 

20.1 

37-4 

0.50 

-IB7.4 

4.57 

1ST STAGE EXIT 

78.0 

39.4 

0.50 

-1S1.S 

4.54 

2M1 STAGE EXIT 

1 54. 6 

41.0 

0.50 

-9S-B 

4.50 

PUN> EXIT 

189.8 

42.4 

0.50 

-8t.2 

4.27 

COLO REGEN IN 

189. A 

42.4 

0.50 

-9B.2 

4.27 

CQLB RE GEN EX 

188.2 

274.7 

0.50 

8 IB .8 

0.15 

eXMLANT I»C£T 

188.2 

274.7 

0.50 

S1B.S 

0.15 

COCLMfT EXIT 

15S.2 

1205.5 

0.50 

4I52.B 

0.02 

TBV I»CET 

150.1 

1205.4 

0.21 

4152.8 

0.02 

T8V EXIT 

104.7 

1205.8 

0.21 

4152.8 

0.02 

LOX TRB IM^ 

150.1 

1205.4 

0.09 

4132.8 

0.02 

LOX TRB EXIT 

124.4 

1201.7 

0.09 

4119.1 

0.02 

HZ TRB I»LET 

124.4 

1201.7 

0.09 

4119.1 

0.02 

M2 TRB EXIT 

104.0 

1184. 1 

0.09 

4B44.1 

0.02 

HZ TRB DIFF 

10S.7 

1184. 1 

0.09 

4M4. 1 

0.02 

H2 BST TRB IN 

10S.5 

1184. 1 

0.09 

4044.1 

0.02 

M2 BST TRB EXIT 

10S.5 

1184.0 

0.09 

4045.4 

0.02 

M2 BST TRB DIFF 

105.1 

1184. 0 

0.09 

4045.4 

0.02 

02 BST TRB IN 

104.9 

1184.0 

0.10 

4045.4 

0.02 

02 BST TRB EXIT 

104.8 

1185.9 

0.10 

4045.4 

0.02 

02 BST TRB DIFF 

104.8 

1165.9 

0.10 

4043.4 

0.02 

HZ TA« PRESS 

18.4 

1200.2 0 

. 0002 

4111.2 

0,0029 

GOX HEAT EXCH IN 

104.7 

1199.6 

0.09 

4111.2 

0.02 

GOX ICAT EXCH OUT I0A.7 

1198.5 

0.09 

4184.5 

0.02 

MOT REGEN IN 

104.7 

1198.3 

0.09 

4104.5 

0.02 

HOT REGEN EX 

104.1 

371 .8 

0.09 

1 190.0 

0.05 

FSV INLET 

104.1 

94: I 

0.50 

3215.4 

0.02 

FSV EXIT 

99.8 

94 J 

0.50 

5215.4 

0.02 

CHAMBER INJ 

'*9.2 

942 . 

0.50 

5215.4 

0.02 

CHAMBER 

^4.0 






■ OXYGEN SYSTEM CONDITIONS 

■ 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

3-P. I>4.ET 

16.0 

162.7 

1 , 79 

41.1 

71.17 

B-P. EXIT 

17.0 

162.7 

1.79 

41.1 

71.17 

PUW* I»«LET 

17.0 

162.7 

1 . 79 

41 . 1 

71.17 

PV#B» EXIT 

152.4 

164.0 

1 , 79 

41.8 

71.07 

02 TAMC PRESS 

16.0 

400.0 

0.00 

204.8 

0.12 

POSV I«jET 

152.5 

164.0 

1 . 78 

61.8 

71.07 

POSV EXIT 

109.8 

164.1 

1.78 

61.8 

71.05 

OCV INLET 

152.3 

164.0 

0.01 

61 .8 

71.07 

cxrv EXIT 

86.0 

164.2 

0.01 

61.8 

70.99 

PRIMARY INJ 

105.5 

164.1 

1 . 78 

61.8 

71.02 

SECONDARY IHJ 

86.0 

164.2 

0 .01 

61.8 

70.99 

CHAMER 

86.2 






VALVE DATA 




VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


TBV 

J5 . 

3.484 

0.21 

60.85 


FSV 

A . 

5 -S28 

0.50 



POSV 

J3 . 

0 .0(1 7 

1 . 78 



cxrv 

46 . 

0.000 

0.01 




INJECTOR DATA 




■ FUEL * 

* 

OXIO • 




PRIMARY 

SECOND 

DELP 

HAN 

1.65 

: . IS 

0.00 

DELP 

IMJ 

10.62 

i<* 

0 . 00 

AREA 


1.05 

3.37 

0.41 

FLON 


0.50 

1 . ;8 

0 .01 
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TABLE 56. — ADVANCED ENGINE PARAMETRIC STUDY FULL-EXPANDER 

ENGINE WITH A HYDROGEN REGENERATOR 5% OF DESIGN THRUST LEVEL 

(CONTINUED) 


■ nitBOmOlIICRY PERFCMMANCC DATA * 


■ H2 BOOST TURBriC • • H2 BOOST PUMP ■ 


EFFICIENCY 

8.289 


EFFICIENCY 



HORSEPOWER 

8. 


HORSEPOWER 

0. 


SPEED (RPH ) 

479B. 


SPEED (RPH) 

4798. 


MEAN OIA UN) 

1.58 


S SPEED 

1424. 


EFF AREA UM2) 

2. *9 


HEAD (FT) 

49. 


U/C (IDEAL) 

0.47B 


DIA. (IN) 

2.18 


MAX TIP SPEED 

27. 


TIP SPEED 

44. 


STAGES 

1. 


VOL. FLOW 

31 . 


DELTA H (ACT) 

0.44 


MEAD COEF 

0.745 


GANHA 

1.57 


FLOW COEF 

0.097 


PRESS RATIO (T/T) 1 .81 





■ H2 TURBINE 

m 


■ M2 PUMP 

■ 

M 



STA6E 1 

STAGE 2 

STAGE ONE 

STAGE TWO 

STAGE THREE 







EFFICIENCY 

8.275 

0.515 

EFFICIENCY 0.418 

0.425 

0.430 

HORSEPOWER 

4. 

5. 

HORSEPOWER 2. 

2. 

2. 

SPEED (RPM) 

28529. 

20529. 

SPEED (RPM) 20529. 

20529. 

20529. 

HEAN DIA (IN) 

2.78 

2.78 

S SPEED 394. 

400. 

407. 

EFF AREA (1N2) 

8.31 

0.40 

HEAD (FT) 1915. 

1884. 

1855. 

U/C (IDEAL) 

0.104 

0.125 

DIA. (IN) 3.43 

5,43 

3.45 

HAX TIP SPEED 

249. 

249. 

TIP SPEED 507. 

507. 

507. 

DELTA H 

50. 

25- 

VOL. FLOW 31. 

51. 

31 . 

GAHMA (ACT) 

1.37 

1.57 

HEAD COEF 0.453 

0.444 

0.455 

PRESS RATIO(T/T 

1.34 

1.57 

FLOW COEF 0.031 

0.051 

0.052 

■ 02 BOOST TUttUC ■ 


* 02 BOOST PUMP ■ 


EFFICIENCY 

0.158 


EFFICIENCY 

0.401 


HORSEPOWER 

8. 


HORSEPOWER 

0. 


SPEED IRPM) 

934. 


SPEED (RPH) 

954. 


HEAN DIA ( IN) 

3.48 


S SPEED 

1834. 


EFF AREA (1N2) 

3.40 


HEAD (FT) 

2. 


U/C (IDEAL) 

0.514 


DIA. (IN) 

2.44 


MAX TIP SPEED 

15. 


TIP SPEED 

10. 


STAGES 

1. 


VOL. FLOW 

1 L . 


DELTA H (ACT) 

0.19 


HEAD COEF 

0 . 447 


GAMMA 

1.57 


FLOW COEF 

0.133 


PRESS RATIO (T/T) 

1.00 





■ 02 TURBINE 

■ 

■ 


» 02 PUMP » 



EFFICIENCY 

0.271 


EFFICIENCY 

0.423 


HORSEPOWER 

2. 


HORSEPOWER 

2. 


SPEED IRPM) 

IA144. 


SPEED (RPM) 

14146. 


HEAN DIA (IN) 

2.78 


S SPEED 

794- 


EFF AREA (1N2) 

0.45 


HEAD (FT) 

234. 


U/C (IDEAL) 

0.108 


DIA. (IN) 

1.92 


MAX TIP SPEED 

172. 


TIP SPEED 

1 18. 


STAGES 

1 . 


VOL . FLOW 

1 1 . 


DELTA H (ACT) 

15.49 


HEAD COEF 

0.537 


GAMMA 

1.57 


FLOW COEF 

0.042 


PRESS RATIO (T/T) 

I .04 






REGEICRATOR DATA 


DELP 
DELT 
AREA 
FLOW 
EFFECTIVENESS 
NTU 

CRATIO 
CHIN 
REGEN Q 


MOT SIDE 
0.S6 
-SCb.AA 
I 

0.09 

0.72 
1 .S4 
0.28 
O.IZ 
271.54 


COLD SIDE 
1 .45 
234 .08 
0 .At 
0.30 
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APPENDIX D 

OFF-DESIGN MIXTURE RATIO CYCLES 

OIT-dcsign mixture ratio cycle data are presented in Tables 57 through 6X. 
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TABLE 57. — SPLIT-EXPANDER CYCLE — 0/F = 5.0 

ENGINE PERFORMANCE PARAtCTERS 


CHAMBER PRESSURE IJ70.7 


VAC 

ENGINE THRUST 


16A76. 


DEL. 

VAC. ISP 



A77. 1 


TOTAL ENGINE FLOW RATE 


3A.5 


THROAT AREA 



6.071 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


5.00 


CHAMBER/NOZZLE 

COOLANT 

DP 

A67. 


CHAMBER/NOZZLE 

COOLANT 

DT 

790. 


ETA 

C" 



0.993 


CHAMBER/NOZZLE 

0 


8509. 



ENGINE 

STATION 

CCMHTIOKS 




■ FUEL SYSTEM CONDITIONS • 



STATION 

PRESS 

TEMP 

FLOW 

EKlVOfcLPY 

DENSITY 

B.P. INLET 

18.6 

37. A 

5.76 

-107.5 

A . 37 

B.P. EXIT 

93.0 

38. A 

5.76 

-103. A 

A .39 

PUMP INLET 

93.0 

38. A 

5.76 

-103. A 

A, 39 

1ST STAGE EXIT 

1919.6 

66.6 

5.76 

17.5 

A. 36 

JBV INLET 

1S78.8 

66.9 

2.88 

17-5 

A. 33 

JBV EXIT 

1SA7-9 

69. A 

2.88 

17-5 

A. 09 

2ND STAGE EXIT 

3070.1 

8A.9 

2.88 

96.6 

A . 3A 

PUMP EXIT 

A18S.3 

102,2 

2.88 

172.8 

A . 35 

COOLANT INLET 

A1A0.5 

102.6 

2.88 

172.8 

A . 33 

COOLANT EXIT 

3673 . 7 

892.5 

2.88 

3126.5 

0 . 70 

TBV INLET 

3639.2 

892.7 

0.03 

3126.5 

0 . 70 

TBV EXI^T 

1618 .A 

906.1 

0.03 

3126.5 

0 . 32 

LOX TRB INLET 

3639.2 

892.7 

2-85 

3126.5 

0 . 70 

LOX TRB EXIT 

320A . 7 

869.9 

2.85 

3036.0 

0.63 

H2 TRB INLET 

320A.7 

869.9 

2.85 

3036.0 

0 .63 

H2 TRB EXIT 

1721.6 

766.1 

2.85 

263A.8 

0. AO 

H2 TRB DIFF 

1 701 .8 

766.2 

2.85 

263A-8 

0 .AO 

H2 BST TRB IN 

1683.2 

766.3 

2.85 

263A.8 

0 . 39 

H2 BST TRB EXIT 

1662.0 

76A. 1 

2.85 

2626-5 

0.39 

HZ BST TRB dIfF 

16S7 .A 

76A.1 

2,85 

2626-5 

0 . 39 

02 BST TRB IN 

1639.2 

76A.2 

2.85 

2626.5 

0 . 36 

02 BST TRB EXIT 

1628 . 0 

763-0 

2.85 

2622.1 

0 . SB 

02 BST TRB DIFF 

1627 . 3 

763.0 

2.85 

2622-1 

0 . 38 

H2 tank" press 

18.6 

77A.2 

0.0060 

2627.1 

0 .00A5 

GOX HEAT EXCH IN 

1 618 .A 

76A.5 

2.85 

2627.1 

0.38 

COX HEAT EXCH OUT 

1 610 .A 

763.9 

2.85 

262A.8 

0 . 38 

MIXER HOT IN 

1610 .A 

763.9 

2.85 

262A.8 

0 . 38 

MIXER COLD IN 

15A7.9 

69. A 

2.88 

17.5 

A . 09 

MIXER OUT 

1530.8 

A02.0 

5.76 

I31A .6 

0.67 

FSV INLET 

1530.8 

A02.0 

5.76 

131A .6 

0.67 

FSV EXIT 

1A91 .9 

A02. 1 

5.76 

I31A .6 

0.65 

CHAMBER INJ 

1A76. 7 

A02 . 1 

5.76 

13IA .6 

0 . 6A 

CHAMBER 

1371.1 






» OXYGEN SYSTEM 

CDNOITIOKS 

. 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

28.83 

61.9 

70 .99 

B.P. EXIT 

138.7 

165. A 

28.83 

62, A 

70.83 

PUMP INLET 

138.7 

165. A 

28.83 

62. A 

70.83 

PUMP EXIT 

26A7.8 

177.8 

28.83 

71.3 

7 1 .2A 

02 TANK PRESS 

16.0 

AOO.O 

0.05 

20A .7 

0. 12 

POSV INLET 

2630.8 

177.8 

6.09 

71 .3 

7 1 .22 

POSV EXIT 

162 7.3 

181.7 

6.09 

71.3 

69 . 63 

OCV INLET 

2630.8 

177.8 

22.68 

71.3 

7 1 .22 

OCV EXIT 

1A81 .8 

182.3 

22.68 

71 .3 

69 .AO 

PRIMARY INJ 

1580. A 

181.9 

6.09 

7 1.3 

69.56 

SECONDARY INJ 

1A61 .5 

182 .A 

22.68 

71.3 

69.36 

CHAMBER 

1370.6 






VALVE DATA 


VALVE 


DELTA P AREA 

FLOW 

t BYPASS 

JBV 


3A8. 0. 

1 lA 

2.88 

50.00 

TBV 


2021. 0. 

002 

0.03 

1 .00 

FSV 


39 . 1 . 

65A 

5.76 


POSV 


lOOA. 0. 

0 3A 

6.09 


OCV 


UA9. 0. 

119 

22.68 




INJECTOR 

DATA 




■ FUEL 

• • 

OXID • 




PRIMARY 


SECOND 


DELP MAN 

15.76 

23.31 


10.09 


DELP INJ 

90.19 

o 

o 


90.77 


AREA 

1. lA 

0. 08 


0.A3 


FLOW 

5.76 

6.09 


22.68 
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TABLE 57 


SPLIT-EXPANDER CYCLE — 0/F = 5.0 (CONTINUED) 



* TURBOMACHINERY 

PERFORMANCE DATA » 







* H2 BOOST TURBINE « 


• H2 BOOST PUMP - 

EFFICIENCY 

0.867 


EFFICIENCY 

0 . 765 

HORSEPOWER 

33. 


HORSEPOWER 

33. 

SPEED (RPM) 

6A201 . 


SPEED CRPMl 

4420 1 . 

HEAN DIA (IN) 

1.90 


S SPEED 

3 088 . 

EFF AREA I1N2) 

I .A5 


HEAD (FT) 

2443 . 

U/C (IDEAL) 

0.512 


DIA. (IN) 

2 . 18 

MAX TIP SPEED 

366. 


TIP SPEED 

420. 

STAGES 

1 . 


VOL. FLOW 

58 9 . 

DELTA H (ACT) 

8.29 


HEAD COEF 

0,445 

GAMMA 

1.41 


FLOW COEF 

0.203 

PRESS RATIO (T/Tl l.Ol 




« M2 TURBINE 

mm 


• H2 PUMP « 



STAGE 1 

STAGE 2 

STAGE ONE 

STAGE TWO 






EFFICIENCY 

0.818 

0.816 

EFFICIENCY 0.640 

0.619 

HORSEPOWER 

1619. 

1619. 

HORSEPOWER 986. 

323. 

SPEED (RPM) 

118310. 

118310. 

SPEED (RPM) 118310. 

I 18310. 

HEAN DIA ( IN) 

3.47 

3.47 

S SPEED 750. 

749. 

EFF AREA (IN2) 

0.21 

0.27 

head (FT) 60268- 

38125. 

U/C (IDEAL) 

0.515 

0.506 

DIA. (IN) 3-68 

3.02 

MAX TIP SPEED 

1792. 

1792. 

TIP SPEED 1904. 

1558. 

DELTA H 

197. 

204. 

VOL. FLOW 594. 

298 . 

GAMMA (ACT) 

1 .41 

1 .41 

HEAD COEF 0.535 

0.505 

PRESS RATIOIT/T 

1.33 

1.35 

FLOW COEF 0.094 

0.094 


» 02 

BOOST TURBINE « 

« 02 BOOST 

PUMP « 

EFFICIENCY 

0 .860 

EFFICIENCY 

0.732 

HORSEPOWER 

18 . 

HORSEPOWER 

18 . 

SPEED 

(RPM) 

11472. 

SPEED (RPM) 

11472. 

MEAN DIA 

( IN) 

5-21 

S SPEED 

2470. 

EFF AREA 

(IN2) 

2.02 

HEAD (FT) 

250. 

U/C (IDEAL) 

0.512 

DIA. (IN) 

2.44 

MAX TIP SPEED 

261. 

TIP SPEED 

122. 

STAGES 


1 . 

VOL. FLOW 

183. 

DELTA H 

(ACT) 

4.43 

HEAD COEF 

0.537 

GAMMA 


1 .41 

FLOW COEF 

0.173 

PRESS RATIO (T/T) 

1 .01 




« 02 TURBINE • 


02 PUMP « 


EFFICIENCY 

0.824 

EFFICIENCY 

0.728 

HORSEPOWER 

365. 

HORSEPOWER 

365 . 

SPEED (RPM) 

70756. 

SPEED (RPM) 

70756. 

MEAN DIA (IN) 

3.47 

S SPEED 

1587 . 

EFF AREA (IN2) 

0.25 

HEAD (FT) 

5070. 

U/C (IDEAL) 

0.457 

DIA. (IN) 

1.92 

MAX TIP SPEED 

1072. 

TIP SPEED 

592. 

STAGES 

1 . 

VOL. FLOW 

182. 

DELTA M (ACT) 

90.48 

HEAD COEF 

0.465 

GAMMA 

1 -41 

FLOW COEF 

0.131 

PRESS RATIO (T/T) 

1 - 14 




STAGE THREE 


0.62A 

310. 

118310. 

765. 

36980. 

3.02 

1558. 

297. 

0-<;90 

0.095 
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TABLE 58, 


SPLIT-EXPANDER CYCLE — 0/F = 5.5 


ENG1N£ PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 
VAC ENGINE thrust 
del. vac. ISP 
TOTAL ENGINE FLOW RATE 
THROAT AREA 
NOZZLE AREA RATIO 
ENGINE MIXTURE RATIO 
CHAMBER /NOZZLE COOLANT DP 
CHAMBER /NOZZLE COOLANT DT 
ETA C« 

CHAMBER /NOZZLE 0 

ENGINE STATION CONDITIONS 


■ FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TEMP 

FLOW 

B.P. INLET 

18.6 

37.6 

5.98 

B.P. EXIT 

100.2 

38.5 

5-98 

PUMP INLET 

100.2 

38.5 

5.98 

1ST STAGE EXIT 

2106.6 

69-3 

5.98 

JBV INLET 

2060.5 

69.7 

2.99 

JBV EXIT 

1712.9 

72.3 

2.99 

2ND STAGE EXIT 

3368.6 

89.3 

2.99 

PUM> EXIT 

6596.1 

106.2 

2.99 

COOLANT INLET 

6568.1 

108.6 

2.99 

COOLANT EXIT 

6023.2 

995.0 

2.99 

TBV INLET 

3985.3 

995.3 

0.03 

TBV EXIT 

1789.7 

1010.5 

0.03 

LOX TRB INLET 

3985.3 

995.3 

2.96 

LOX TRB EXIT 

3510.0 

970.0 

2.96 

K2 TRB INLET 

3510.0 

970.0 

2.96 

K2 TRB EXIT 

1902.0 

855-2 

2.96 

M2 TRB DIFF 

1880.6 

855.6 

2.96 

H2 BST TRB IN 

1860.2 

855.5 

2-96 

M2 BST TRB EXIT 

1837.1 

853.1 

2.96 

M2 BST TRB OIFF 

1832.1 

853.1 

2.96 

C2 BST TRB IN 

1812.6 

853.2 

2.96 

02 BST TRB EXIT 

1800.2 

851.9 

2.96 

02 BST TRB DIFF 

1799.6 

851.9 

2.96 

M2 TANK PRESS 

18.6 

865.0 

0.0056 

GOK ^CAT EXCM IN 

1789.7 

853.6 

2.96 

GOX MEAT EXCH OUT 

1 78 1 . 0 

852.9 

2.96 

MIXER HOT IN 

1 78 1 . 0 

852.9 

2.96 

mixer COLD IN 

1712.9 

72.3 

2.99 

MIXER OUT 

1696-5 

666 . 7 

5.97 

FSV INLET 

1696.5 

666,7 

5.97 

FSV EXIT 

1652 .6 

666 .8 

5.97 

CHAMBER INJ 

1636.2 

666.9 

5.97 

CHAMBER 

1522.7 




» OXYGEN SYSTEM 

CONDITIONS 

STATION 

PRESS 

TEMP 

FLOW 

B.P. INLET 

16.0 

162.7 

32.91 

B.P. EXIT 

163.0 

165.3 

32.91 

PUMP IM-ET 

163.0 

165.3 

32.91 

PUMP EXIT 

2698.8 

177.7 

32.91 

02 TANK PRESS 

16.0 

600.0 

0.06 

POSV INLET 

2676.7 

177-8 

5.06 

POSV EXIT 

1757.3 

181.3 

5.86 

OCV INLET 

2676.7 

177.8 

27.02 

OCV EXIT 

1679.6 

181 .6 

27.02 

PRIMARY INJ 

1716.5 

181 .5 

5.86 

SECONDARY INJ 

1651.0 

181 .7 

27.02 

CHAMBER 

1522.7 




VALVE DATA 


VALVE 

DELTA P 

AREA 

FLOW 

JBV 

366. 

0.115 

2.99 

TBV 

2196. 

0.002 

0.03 

FSV 

62. 

1-656 

5.97 

POSV 

919. 

0.036 

5.86 

OCV 

997. 

0.152 

27.02 


INJECTOR DATA 




* FUEL • 

• 

OXID * 




PRIMARY 

SECOND 

DELP 

HAN 

17.03 

21.31 

16.25 

DELP 

INJ 

96.69 

191 .80 

128.26 

AREA 


1.16 

0.08 

0.63 

FLOW 


5.97 

5.86 

27.02 


1SZ2. 7 
18600. 
<i79 .0 
28 .6 
6.071 
1000.0 
5.50 
525. 
886 . 
0.993 
98A9. 


ENTHALPY 
-107.5 
-103.0 
-103.0 

29.5 

29.5 

29.5 

116.3 

199.9 

199.9 
3A9A .2 
3A9A .2 
3A9A .2 

3696.2 
3396-2 

3396.2 

2956.6 

2956.6 

2956.6 

2965.3 

2965.3 

2965.3 
2960 .6 

2960.6 
2966-0 
2966.0 

2963.5 

2963.5 

29.5 

1679-2 

1679.2 

1679.2 

1679.2 


ENTHALPY 
61 .9 

62.6 

62.6 

71.6 
206.7 

71.6 

71.6 

71.6 

71.6 
71 .6 

71.6 


DENSITY 
6.37 
6.39 
6 .39 

6.36 
6.33 

6.09 

6.36 

6.36 

6.36 
0.69 
0 . 69 
0.32 
0 . 69 
0 . 63 
0 . 63 
0.60 
0.39 
0.39 
0 . 38 
0 . 38 
0 . 38 
0.38 
0 . 38 
0.0061 
0.38 
0.37 
0.37 

6.09 
0.66 
0 . 66 
0 . 65 
0 . 66 


DENSITY 
70.99 
70.86 
70.86 
71 .31 
0 . 12 
71 .27 
69.83 
71-27 
69.70 
69.76 
69.66 


X BYPASS 
50.00 
1 . 00 
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TABLE 58, 


SPLIT-EXPANDER CYCLE — 0/F = 5.5 (CONTINUED) 


- iurbomachi»cry perforkance data ■ 


« H2 BOOST TURBINE « 


EFFICIENCY 

0.865 


HORSEPOWER 

38. 


SPEED (RPMl 

46114. 


MEAN DIA ( IN) 

1 . 90 


EFF AREA ( IN2 ) 

1 .45 


U/C (IDEAL) 

0.512 


MAX TIP SPEED 

382. 


STAGES 

1 . 


DELTA H (ACT) 

9.09 


GAMMA 

1.43 


PRESS RATIO (T/T) 1 .01 


■ H2 TURBINE 

• 



STAGE 1 

STAGE 2 




efficiency 

0.816 

0.816 

HORSEPOWER 

1842. 

1842. 

SPEED (RPM) 

123580. 

123580. 

MEAN DIA ( IN) 

3.47 

3.47 

EFF AREA (IN2) 

0.21 

0.27 

U/C (IDEAL) 

0.512 

0.507 

MAX TIP SPEED 

1872. 

1872. 

DELTA H 

218. 

222. 

GAMMA (ACT) 

1 .43 

1.43 

PRESS RATIO(T/T 

1.33 

1.35 

- 02 BOOST TURBINE « 


EFFICIENCY 

0.863 


HORSEPOWER 

20, 


SPEED (RPM) 

12162. 


MEAN DIA ( IN) 

5.21 


EFF AREA (IN2) 

2.02 


U/C (IDEAL) 

0.512 


MAX TIP SPEED 

277. 


STAGES 

1. 


DELTA H (ACT) 

4.88 



GAMMA 1.A3 

PRESS RATIO (T/T ) 1 -01 


» 02 TURBINE * 


EFFICIENCY 0.818 
HORSEPOWER A19. 
SPEED (RPM) 75101. 
MEAN DIA C IN) 5.A7 
EFF AREA (IN2) 0 . 2S 
U/C (IDEAL) 0.AA7 
MAX TIP SPEED 1107. 
STAGES 1 . 
DELTA H (ACT) 99.96 
GAMMA l.^J 
PRESS RATIO (T/T) I . 14 


• K2 BCWST PUMP • 


EFFICIENCY 

0.765 

HORSEPOWER 

38. 

SPEED (RPM) 

46114. 

S SPEED 

3062. 

HEAD (FT) 

2679- 

DU. (IN) 

2.18 

TIP SPEED 

43B . 

VOL. flow 

611 . 

(CAD COEF 

0.44 9 

FLOW COEF 

0 .202 


■ H2 PUMP * 


STA(5£ ONE STAGE TWO 


EFFICIENCY 

0.64 1 

0.620 

horsepower 

1121 . 

367. 

SPEED (RPM) 

123580. 

123580. 

S SPEED 

744 . 

742 . 

HEAD (FT) 

6609S , 

41839- 

DIA. (IN) 

3.68 

3.02 

TIP SPEED 

1988. 

1628. 

VOL- FLOW 

616. 

309 . 

HEAD COEF 

0.5 38 

0.508 

FLOW COEF 

0,094 

0 . 093 


• 02 BOOST PUMP » 


EFFICIENCY 

0.756 

HORSEPOWER 

20 . 

SPEED (RPM) 

12162 . 

S SPEED 

2726. 

HEAD (FT) 

258. 

DIA. (IN) 

2.44 

TIP SPEED 

130 . 

VOL. FLOW 

209. 

HEAD COEF 

0.494 

FLOW COEF 

0 . 187 


■ 02 PUMP • 


EFFICIENCY 

C . 738 

HORSEPOWER 

419 . 

SPEED (RPM) 

73101 . 

S SPEED 

1 728 . 

(CAD (FT) 

5159. 

DIA- (IN) 

1 .92 

TIP SPEED 

612. 

VOL. FLOW 

207, 

HEAD C»EF 

0.444 

FLOW CXCF 

0. 145 


STAGE THREE 


0.62S 
554 . 
123580. 
758. 
40624 . 
3.02 
1628 . 
308 . 

0.44J 

0.095 
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TABLE 59. — SPLIT-EXPANDER CYCLE — 0/F = 6.0 

ENGINE PERFORMANCt PARAMETERS 


chamber pressure UIO.7 


VAC 

ENGINE THRUST 


20000. 


DEL. 

VAC. ISP 



480.0 


TOTAL ENGINE FLOW RATE 


41.7 


THROAT AREA 



6.071 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


6.00 


CHAMBER /NOZZLE 

COOLANT 

OP 

583. 


CHAMBER /NOZZLE 

COOLANT 

DT 

1018. 


ETA 

C*i 



0.993 


CHAMBER /NOZZLE 

Q 


11190. 



ENGINE 

STATION 

CONDITIONS 




« FUEL SYSTEM COKHTIOWS • 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

18.6 

37.4 

5.96 

-107.5 

4 . 37 

B.P. EXIT 

100.6 

38.5 

5.96 

-103.0 

4 . 59 

PUMP INLET 

100.6 

38.5 

5.96 

-103.0 

4 . 59 

1ST STAGE EXIT 

2163. S 

70.1 

5.96 

33.2 

4.36 

JBV INLET 

2120.0 

70.5 

2.98 

33.2 

4.33 

JBV EXIT 

1808. A 

72.9 

2.98 

33.2 

4 . 12 

2ND STAGE EXIT 

3465.7 

90.6 

2.98 

122.3 

4.35 

PUMP EXIT 

4732.3 

110.0 

2.98 

208.3 

4-37 

COOLANT INLET 

4684.7 

1 10.4 

2.98 

208 .3 

4 . 35 

COOLANT EXIT 

4101.7 

1 128.8 

2.9« 

3965.4 

0.62 

TBV INLET 

4060.2 

1129.1 

0.17 

3965 .4 

0.62 

TBV EXIT 

1884.0 

1144.7 

0.17 

3965.4 

0.30 

LOX TRB INLET 

4060.2 

1129.1 

2.81 

3965 .4 

0.62 

LOX TRB EXIT 

3583.4 

1101.3 

2.81 

3855 . 8 

0.57 

M2 TRB INLET 

3583.4 

1101.3 

2.81 

3855 .8 

0.57 

M2 TRB EXIT 

1994 . 0 

976.8 

2.81 

3381 .8 

0.37 

H2 TRB DIFF 

1972.8 

977.0 

2.81 

338 1.8 

0 . 36 

M2 BST TRB IN 

1953 . 0 

977.1 

2.81 

338 1 .8 

0.36 

M2 BST TRB EXIT 

1930.3 

9 74.5 

2.81 

3372.2 

0.36 

H2 BST TRB DIFF 

1925.4 

974.5 

2.81 

3372.2 

0.35 

02 BST TRB IN 

1906.1 

974.7 

2.81 

3372.2 

0,35 

02 BST TRB EXIT 

1894.2 

973.3 

2.8! 

3367.1 

0.35 

02 BST TRB DIFF 

1893.5 

973.3 

2.81 

3367.1 

0.35 

H2 TANK PRESS 

18.6 

996.0 

0.0048 

3400 .5 

0.0035 

GOX HEAT EXCH IN 

1884 . 0 

982.9 

2.81 

3400.5 

0.34 

GOX MEAT EXCH OUT 

1875.4 

982.2 

2.81 

3397.7 

0.54 

MIXER HOT IN 

1875.4 

982.2 

2.81 

3397.7 

0.34 

MIXER COLD IN 

1808.4 

72.9 

2-9« 

33.2 

4 . 12 

MIXER OUT 

1 790.3 

495.2 

5.95 

1667.0 

0.63 

FSV INLET 

1790.3 

495.2 

5.95 

1667.0 

0.63 

FSV EXIT 

1 746.5 

495.3 

5.95 

1667.0 

0.62 

CHAMBER INJ 

1 729.4 

495.4 

5.95 

1667.0 

0.61 

CHAMBER 

1610.8 






• OXYGEN SYSTEM CONDITIONS 

. 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSI TY 

B.P. INLET 

16.0 

162.7 

35.77 

61.9 

70 . 99 

B.P. EXIT 

134.5 

165.3 

35.77 

62.3 

70.84 

PUMP INLET 

134.5 

165.3 

35.77 

62.3 

70.84 

PUMP EXIT 

2592.0 

177.1 

35.77 

70.9 

7 1.30 

02 TANK PRESS 

16.0 

400.0 

o 

o 

204 . 7 

0-12 

POSV INLET 

2565.9 

177.2 

5.31 

70.9 

7 1,26 

POSV EXIT 

1804.4 

180.1 

5.31 

70.9 

70 . 07 

OCV INLET 

2565.9 

177.2 

30.40 

70.9 

71.26 

OCV EXIT 

1808.3 

180.1 

30.40 

70.9 

70.07 

PRIMARY INJ 

1769 . 0 

180.2 

5.31 

70.9 

70.01 

SECONDARY INJ 

1772.2 

180.2 

30.40 

70.9 

70.0 1 

CHAMBER 

1610.7 






VALVE DATA 


VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 

JBV 

330 . 

0. 121 

2.98 

50.00 

TBV 

2176 . 

O.OlO 

0.17 

5.59 

FSV 

44 . 

1.654 

5.95 


POSV 

762 . 

0.0 34 

5.31 


OCV 

758 . 

0.196 

30.40 



INJECTOR DATA 




• FUEL - 

a 

OXIO ■ 




PR IMARV 

SECOND 

DEEP 

MAN 

17-78 

I 7 .59 

17.95 

DELP 

INJ 

100.88 

158.28 

161.51 

AREA 


1 . 14 

0.08 

0.43 

FLOW 


5.95 

5.31 

30.40 
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TABLE 59 


SPLIT-EXPANDER CYCLE — 0/F = 6.0 (CONTINUED) 


■ TURBOMACHINERV PERFORMANCE DATA ■ 


• H2 BOOST TURBINE ■ 


EFF ICIENCY 

0.B55 


horsepower 

38 . 


SPEED (RPM) 

461)9. 


MEAN DIA ( IN ) 

1 . 90 


EFF AREA ( IN2 ) 

1.45 


U/C (IDEAL) 

0.512 


MAX TIP SPEED 

382 . 


STAGES 

1 . 


DELTA H (ACT) 

9*58 


GAMMA 

1 .43 


PRESS RATIO (T/T) 

1.01 


» M2 TURBINE 




STAGE 1 

STAGE 2 




EFFICIENCY 

0.804 

0 .807 

HORSEPOWER 

1885. 

1885 . 

SPEED (RPM) 1 

24731 , 

124731 . 

mean DIA (IN) 

3.47 

3-47 

EFF AREA ( IN2 ) 

0.21 

0.27 

U/C (IDEAL) 

0.492 

0 .493 

MAX TIP SPEED 

1890. 

1890. 

DELTA H 

237. 

237. 

GAMMA (ACT) 

1.43 

1.43 

PRESS RATI0(T/T 

1,33 

1.35 


M 02 BOOST TURBINE " 


EFFICIENCY 

0.657 

horsepower 

21 . 

SPEED (RPM) 

12307. 

MEAN DIA ( IN ) 

5.21 

EFF AREA (IN2) 

2 . 02 

U/C (IDEAL) 

0.512 

MAX TIP SPEED 

280, 

STAGES 

1 - 

DELTA H (ACT) 

5.16 

GAMMA 

1 .43 

PRESS RATIO (T/T ) 

1,01 


■ 02 

TURBINE ■ 


EFFICIENCY 

0 .804 

HORSEPOWER 

436 . 

SPEED 

(RPM) 

73440 . 

MEAN DIA 

( IN) 

3-47 

EFF AREA 

( IN2 ) 

0-25 

U/C 1 

(IDEAL ) 

0.425 

MAX TIP SPEED 

1113. 

STAGES 


1 . 

DELTA H 

(ACT ) 

109.63 

GAMMA 


1.43 

PRESS RATIO IT/T) 

1 .13 


• H2 BOOST PUMP • 


EFFICIENCY 

0.765 

HORSEPOWER 

38 . 

SPEED (RPM) 

46H9- 

S SPEED 

3044 . 

HEAD (FT) 

2694. 

DIA. (IN) 

2 . )8 

TIP SPEED 

438. 

VOL. FLOW 

609. 

HEAD COEF 

0.451 

FLOW COEF 

0.201 



« M2 PUMP • 



STAGE ONE STAGE TI40 

EFFICIENCY 0.642 

0.620 

HORSEPOWER 1147. 

376. 

SPEED 

1 (RPM) 124731. 1 

124731 . 

S SPEED 733. 

732- 

HEAD 

(FT) 67999. 

43062. 

DIA. 

(IN) 3.68 

3.02 

TIP SPEED 2007. 

U43. 

VOL. 

FLOW 613. 

307 . 

HEAD 

COEF 0,543 

0.513 

FLOW 

COEF 0-092 

0,092 


» 02 BOOST PUMP 



EFFICIENCY 

0.764 


horsepower 

21 , 


SPEED (RPM) 

12307. 


S SPEED 

3030, 


HEAD (FT) 

241 . 


DIA. (IN) 

2,44 


TIP SPEED 

131 , 


VOL. FLOW 

22 7. 


HEAD COEF 

0.450 


FLOW COEF 

0-201 


• 02 PUMP ■ 


efficiency 0.7AO 
HORSEPONER '^3*- 
5PEED (RPM) 7JAA0. 
S SPEED 186A. 
HEAD (FT) A962. 
DIA. (IN) 1.92 
TIP SPEED 6K. 
VOL, FLOW 22S. 
HEAD COEF 0-A23 
FLOW COEF 0.156 


STAGE THREE 


0.625 
S62 - 
12A751 . 
746. 
41841 . 
3.02 
1643. 

306 . 
0-499 
0.093 
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TABLE 60, 


SPLIT-EXPANDER CYCLE — 0/F = 6.5 


ENGINE performance PARA»CTERS 


chamber pressure UIO.8 

VAC ENGINE THRUST rOiJR. 

DEL. VAC. ISP C80.3 

TOTAL ENGINE FLOW RATE 42.3 

THROAT AREA 4.071 

N022LE AREA RATIO 1000.0 

ENGINE MIXTURE RATIO 4. SO 

CHAMBER /NOZZLE COOLANT DP 438. 

CHAMBER /NOZZLE COOLANT DT 1118. 

ETA C» 0.493 

CHAMBER/NOZZLE Q 11547. 


ENGINE STATION COWITIONS 


« FUEL SYSTEM COWITIONS ■ 

STATION PRESS TEMP FLOW 

B.P. INLET 18.6 37.4 5.45 

B.P. EXIT 46.0 38.4 5.65 

PUHP INLET 96.0 38.4 5.45 

1ST STAGE EXIT 2104.8 49.3 5.45 

JBV INLET 2065.6 69.7 2.83 

JBV EXIT 1799.7 71.7 2.83 

2ND STAGE EXIT 3371 .8 89.4 2.83 

PUI** EXIT 4602.9 108.3 2.83 

COOLANT INLET 4559.9 108.6 2.83 

COOLANT EXIT 3922.0 1226.8 2.83 

T8V INLET 3880.1 1227.1 0.28 

T8V EXIT 1868.7 1241.7 0.28 

LOX TRB INLET 3880.1 1227.1 2.55 

LOX TRB EXIT 3435.1 1198.1 2,55 

H2 TRB INLET 3435.1 1198.1 2,55 

H2 TRB EXIT 1968.6 1070.6 2.55 

M2 TRB DIFF 1949.3 1070.7 2.55 

K2 BST TRB IN 1931.4 1070.8 2.55 

K2 BST TRB EXIT 1910.8 1068.3 2.55 

H2 BST TRB DIFF 1906.3 1068.3 2.55 

02 BST TRB IN 1888.8 1068.4 Z.5S 

02 BST TRB EXIT 1878.0 1067.0 2.55 

02 BST TRB DIFF 1877.3 1067.0 2.55 

K2 TANK PRESS 18.6 1097.7 0.0041 

GOX MEAT EXCH IN 1868.7 1084.3 2.55 

COX HEAT EXCH OUT 1861,0 1083.4 2.55 

MIXER HOT IN 1861.0 1085.4 2.55 

MIXER COLD IN 1799.7 71.7 2.83 

MIXER OUT 1783.6 530.0 5.65 

FSV INLET 1783.6 530,0 5.65 

FSV EXIT 1741.2 530.2 5,45 

CHAMBER INJ 1724.7 530.3 5.45 

CHAMBER 1610.7 

« OXYGEN SYSTEM CONDITIONS • 

PRESS TEMP FLOM ENTHALPY DENSITY 

14.0 142.7 34.74 41.9 70.99 

117.8 145.2 34.74 42.3 70.83 

117.8 145.2 34.74 42.3 70.83 

2342.2 174.0 34.74 70.1 71.23 

16.0 400.0 0.06 204.7 0.12 

2314.6 176.1 4.56 70.1 71.18 

1752.8 178.2 4.56 70.1 70.30 

2314.6 176.1 32.14 70.1 71.18 

1830.4 177.9 32.14 70.1 70.43 

1726.9 178.3 4.56 70.1 70.26 

1790.3 178.1 32.14 70.1 70.36 

1610.7 

VALVE DATA 


DELTA P AREA FLOW X BYPASS 

282. 0.125 2-83 50.00 

2011. 0.018 0.28 9.82 

42, 1,654 5.65 

562. 0.034 4.56 

484. 0.2S9 32.14 


INJECTOR DATA 




• FUEL ■ 


mmmm 

OXIO ■ 




PRIMARY 

SECOND 

DELP 

HAN 

17.15 

12.91 

19.96 

DELP 

INJ 

96.84 

116.21 

179.62 

AREA 


1 .14 

0.08 

0.43 

FLOW 


5.65 

4.56 

32.14 


VALVE 

JBV 

TBV 

FSV 

POSV 

ocv 


STATION 
B.P. INLET 
B.P. EXIT 
PUMP IM.ET 
PUMP EXIT 

02 TANK PRESS 
POSV INLET 
POSV EXIT 
OCV INLET 
OCV EXIT 
PRIMARY INJ 
SECOHOARV INJ 

chamber 


ENTHALPY 
-107.5 
-103-2 
-103.2 
29.6 
29.6 
29.6 
116.6 
200.4 
200.4 
4305.6 
4305 .6 
4305.6 

4305.6 
4192.2 

4192.2 

3708.2 
3708 .2 
3708.2 
3698.8 
3698 .8 
3698.8 

3693.7 

3693.7 

3753.8 

3753.8 

5750.5 

3750.5 
29.6 

1793.9 
1793.9 
1793.9 
I 793.9 


DENSITY 
4.37 
4 . 39 
4.39 
4.36 

4.35 
4 . 15 
4 . 34 

4 . 36 
4 . 34 
0.56 
0.55 
0.27 
0,55 
0 .50 
0.50 
0 . 53 
0 . 33 
0 . 32 
0 . 32 
0.32 
0.32 
0-32 
0.32 

0 . 0032 
0.31 
0.31 
0.31 
4 . 15 
0-59 
0.59 
0.58 
0.57 
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TABLE 60 


SPLIT-EXPANDER CYCLE — 0/F = 6.5 (CONTINUED) 


* turbomachinfrv performance data • 


• H2 BOOST TURBINE ■ 


LFf ICIENCY 

0.839 


HORSEPOWER 

34 . 


SPEED (RPM) 

44376 . 


MEAN DIA ( IN 3 

1 . 90 


EFF AREA ( IN2 3 

1 .4S 


U/C (IDEAL) 

0 .512 


MAX TIP SPEED 

367 . 


STAGES 

1 . 


DELTA H (ACT) 

9.47 


gamma 

1.39 


PRESS RATIO (T/Tl 

1.01 


« H2 TURBINE 

- 



STAGE 1 

STAGE 2 




EFFICIENCY 

0. 78 7 

0.793 

HORSEPOWER 

1 744 . 

1744. 

SPEED (RPM) 1 

22010. 

122010. 

MEAN DIA (IN 3 

3.47 

5.47 

EFF AREA ( IN2 ) 

0.21 

0.27 

U/C (IDEAL) 

0.469 

0.474 

MAX TIP SPEED 

1848. 

1848. 

DELTA H 

244 . 

240. 

GAMMA (ACT) 

1 .39 

1 . 39 

PRESS RATI0(T/T 

1.33 

1.35 


» 02 BOOST TURBINE « 


EFF ICIENCY 

0.644 

HORSEPOWER 

IB . 

SPEED (RPM) 

1 1932. 

MEAN DIA (IN) 

5.21 

EFF AREA ( IN2 ) 

2 , 02 

U/C (IDEAL) 

0.512 

MAX TIP SPEED 

272 , 

STAGES 

1 . 

DELTA H (ACT) 

5,10 

GAMMA 

1 . 39 

PRESS RATIO (T/T) 

1 .01 


» H2 BOOST PUMP • 


EFFICIENCY 

0.765 

HORSEPOWER 

34 . 

SPEED (RPM) 

44378 . 

S SPEED 

2980. 

HEAD (FT) 

2542. 

DIA. (IN) 

2-18 

TIP SPEED 

422. 

VOL. flow 

5 78 . 

head COEF 

0.459 

FLOW COEF 

0.198 


m \ 

H2 PUMP « 



STAGE ONE 

STAGE TWO 

STAGE THREE 

EFFICIENCY 

0.64 1 

0.620 

0.625 

horsepower 

1062. 

348. 

335 . 

SPEED (RPMl 

122010. 

I220I0. 

122010. 

S SPEED 

713. 

711 . 

726. 

HEAD (FT) 

66256. 

41945. 

40737. 

DIA. (IN) 

3.68 

3.02 

3.02 

TIP SPEED 

1965. 

1607. 

1607. 

VOL. FLOW 

582. 

292. 

291 . 

HEAD COEF 

0.553 

0.523 

0.507 

FLOW COEF 

0.090 

0.089 

0.091 


• 02 BOOST PUMP •• 


EFFICIENCY 

0-753 

HORSEPOWER 

18. 

SPEED (RPM) 

11932. 

S SPEED 

3336. 

HEAD (FT) 

207. 

DIA. (IN) 

2.44 

TIP SPEED 

127 . 

VOL. FLOW 

233. 

HEAD COEF 

0.412 

FLOW COEF 

0.213 


■ 02 TURBINE • 


EFFICIENCY 0.783 
HORSEPOWER ^09. 
SPEED (RPMl 714A1. 
MEAN DIA ( IN 3 3.47 
EFF AREA I IN2 3 0 . 2S 
U/C (IDEAL! 0.402 
MAX TIP SPEED 1082. 
STAGES I- 
delta H (ACT ) U5-34 
GAMMA 1*59 
PRESS RATIO (T/T ) 1.13 


■ 02 PUMP « 


EFFICIENCY 

0 .736 

horsepower 

409. 

SPEED (RPM) 

71441 . 

S SPEED 

1981 . 

HEAD (FT) 

4496 . 

DIA. (IN) 

1 .92 

TIP SPEED 

598 . 

VOL. FLOW 

232. 

HEAD COEF 

0.405 

FLOW COEF 

0.165 
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TABLE 61. — SPLIT-EXPANDER CYCLE — 0/F = 7.0 

ENGINE PERFORMANCE PA«A#CTERS 


CHAMBER PRESSURE 


1610.8 


VAC 

ENGINE THRUST 


20675. 


DEL 

. VAC. ISP 



A77.A 


total engine flow rate 


A3. 3 


THROAT AREA 



6.071 


nozzle AREA RATIO 


1000.0 


ENGINE MIHTURE 

RATIO 


7.00 


CHAMBER /NOZZLE 

COOLANT 

OP 

693. 


CHAMBER /NOZZLE 

COOLANT 

DT 

1211 . 


ETA 

C« 



0.988 


chamber /NOZZLE 

0 


12005. 



ENGINE 

STATION 

CONDITIONS 




« FUEL SYSTEM CONDITIONS « 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

18.6 

57. A 

5-A2 

-107.5 

A .37 

B.P. EXIT 

95-5 

38. A 

5.A2 

-103. A 

A. 39 

PUMP INLET 

93-3 

38. A 

S.A2 

-103. A 

A, 39 

1ST STAGE EXIT 

2071-6 

68.9 

5.A2 

27.7 

A. 35 

JBV INLET 

203S. 6 

69.2 

2-71 

27.7 

A. 33 

JBV EXIT 

179^;. A 

71.1 

2.71 

27.7 

4.16 

ZNB STAGE EXIT 

3318.8 

88.7 

2.71 

113.5 

A.3A 

PUMP EXIT 

A529.9 

107.5 

2.71 

196.2 

A. 35 

COOLANT INLET 

AA90 .A 

107.8 

2.71 

196.2 

A .34 

COOLANT EXIT 

3797. S 

1319.3 

2.71 

A6Z8.2 

0.50 

TBV INLET 

375A.8 

1319.6 

0-35 

A628.2 

0.50 

TBV EXIT 

1859.1 

1333.6 

0-35 

4628. 2 

0.25 

LOX TRB INLET 

375A.8 

1319.6 

2-36 

A628.2 

0.50 

LOX TRB EXIT 

3331 . 6 

1289. A 

2.36 

A510.9 

0.A6 

H2 TRB INLET 

3331 . 6 

IZ89.A 

2.36 

AS 1 0 . 9 

0.A6 

H2 TRB EXIT 

1952. A 

1 158.8 

2.36 

4016.3 

0.30 

MZ TRB DIFF 

193A . 3 

1 158.9 

2.36 

4016.3 

0.30 

H2 BST TRB IN 

1917.6 

1159.0 

2.36 

4016.3 

0.30 

HZ BST TRB EXIT 

1898.3 

1156. A 

2.36 

4006. 8 

0.30 

H2 BST TRB DIFF 

189A.2 

1156.5 

2.36 

A006.8 

0.29 

02 BST TRB IN 

1877.9 

1156.6 

2.36 

A006 .8 

0.29 

02 BST TRB EXIT 

1867.8 

1155.2 

2.36 

AOOl .7 

0.29 

02 BST TRB DIFF 

1867.1 

1155,2 

2.36 

AOOl . 7 

0.29 

H2 TANK PRESS 

18.6 

1192.1 

0.0036 

A082.7 

0.0029 

GOK HEAT EXCH IN 

1859 . I 

1 1 78 . 3 

2.36 

A082.7 

0.28 

GOX HEAT EXCH OUT 

1851.9 

1177-3 

2-36 

A079.0 

0.28 

MIXER HOT IN 

1851.9 

11/7.3 

2.36 

A079.0 

0.28 

MIXER COLD IN 

1 79A .A 

71 . 1 

2.71 

27.7 

A . 16 

MIXER OUT 

1779.6 

562.8 

5.A1 

1913.3 

0 .56 

FSV INLET 

1779.6 

562.8 

5 .A1 

1913.3 

0.56 

FSV EXIT 

1 738.2 

563.0 

5.A1 

1913.3 

0.5A 

CHAMBER INJ 

1722.1 

563.1 

5.A1 

1913.3 

0 .54 

CHAMBER 

1610.8 






• OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P- INLET 

16.0 

162.7 

37.96 

61.9 

70.99 

B.P- EXIT 

lOA. 1 

165.2 

37.96 

62.2 

70.82 

PUMP INLET 

lOA. t 

165.2 

37.96 

62.2 

70.82 

PUMP EXIT 

21A9.2 

175.3 

37.96 

69.5 

71.16 

02 TANK PRESS 

16 . 0 

AOO.O 

0.06 

20A.7 

0.12 

POSV INLET 

2119.8 

175. A 

3.88 

69.5 

71.12 

POSV EXIT 

1712.8 

176.9 

3.88 

69.5 

70 .48 

OCV INLET 

2119.8 

175. A 

3A.02 

69.5 

71.12 

OCV EXIT 

1855 . 9 

176. A 

3A .02 

69.5 

70.71 

PRIMARY INJ 

1 69A.O 

177.0 

3.88 

69.5 

70.45 

SECONDARY INJ 

1811.1 

176.5 

3A .02 

69.5 

70 . 64 

CHAMBER 

1610.1 






VALVE DATA 


VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 

JBV 

256. 

0.125 

2.71 

50.00 

TBV 

1896. 

0.024 

0 . 35 

12.93 

FSV 

A1 . 

1.654 

5.41 


POSV 

A07. 

0.034 

3.88 


OCV 

26A . 

0.371 

34.02 



INJECTOR DATA 




• FUEL • 

. 

OXID • 




PR IMARY 

SECOND 

DELP 

MAN 

16 . 70 

9.32 

22.21 

DELP 

INJ 

94 . 69 

83.90 

200.43 

AREA 


1 .14 

0.08 

0.43 

FLOW 


5.41 

3 .MB 

34.02 
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TABLE 61 


SPLIT-EXPANDER CYCLE — 0/F = 7.0 (CONTINUED) 


• Tl^BOHACHlNERV PERFORMANCE DATA " 


• H2 BOOST TURBINE 


• H2 BOOST PU»*’ • 


EFFICIENCY 

0 .826 

horsepower 

32. 

SPEED (RPM) 

A3200. 

MEAN DIA ( IN) 

1 .90 

EFF AREA ( IN2 ) 

1 .A5 

U/C (IDEAL) 

0.512 

MAX TIP SPEED 

358. 

STAGES 

1 - 

DELTA H (ACT) 

9.A9 

GAMMA 

1.38 

PRESS RATIO (T/T ) 

1 .01 


EFFICIENCY 0.76A 

horsepower 52- 
SPEED CRPM) A3200. 
S SPEED 291S. 
HEAD (FT) 2ASS. 
DIA. (IN) 2.18 
TIP SPEED ^11. 
VOL. flow S5A. 
HEAD COEF 0.A68 
FLOW COEF 0.19S 


« H2 TURBINE * 


« H2 PUMP ■ 



STAGE 1 

STAGE 2 




EFFICIENCY 

0.773 

0.782 

horsepower 

1650. 

1650. 

SPEED (RPM) 

120203. 1 

120203. 

MEAN DIA (IN) 

5.A7 

3.47 

EFF AREA (IN2) 

0.21 

0.27 

U/C (IDEAL) 

0-A52 

0.460 

MAX TIP SPEED 

1821 . 

1821 . 

DELTA H 

251 . 

244 . 

GAMMA (ACT) 

1.38 

1.38 

PRESS RATIO(T/T 

1.33 

1.35 

X 02 BOOST 

TURBINE • 


EFFICIENCY 

0.833 


HORSEPOWER 

17. 


SPEED (RPM) 

1)659. 


MEAN DIA (IN) 

5.21 


EFF AREA (IN2) 

2.02 


U/C (IDEAL) 

0.512 


MAX TIP SPEED 

265. 


STAGES 

1. 


DELTA H (ACT) 

5.11 



GAMMA 1 • 58 

PRESS RATIO (T/T) I .01 


« 02 TURBINE ■ 


EFFICIENCY 0.767 
HORSEPOWER 591. 
SPEED (RPM) 70123 . 
MEAN DIA (IN) 3.A7 
EFF AREA ( IM2 ) 0.25 
U/C (IDEAL) 0.38A 
MAX TIP SPEED 1062- 
STAGES 1 - 
DELTA H (ACT) 117.33 
GAMMA I . 58 
PRESS RATIO (T/T ) 1.15 


STAGE ONE STAGE TWO 


EFFICIENCY 

0.6A0 

0.619 

HORSEPOWER 

1005. 

329. 

SPEED (RPM) 

120203. 

120203. 

S SPEED 

696. 

694. 

HEAD (FT) 

65287. 

A 1 325. 

DIA. (IN) 

3.68 

3.02 

TIP SPEED 

1934. 

1583. 

VOL. FLOW 

558. 

280 . 

HEAD COEF 

0,562 

0.530 

FLOW COEF 

0.087 

0.087 

X 02 

BOOST PUW> 

- 


EFFICIENCY 

0.726 

HORSEPOWER 

17- 

SPEED (RPM) 

11659. 

S SPEED 

3691 . 

HEAD (FT) 

179. 

DIA. (IN) 

2.44 

TIP SPEED 

124. 

VOL- flow 

241 . 

HEAD COEF 

0.373 

FLOW COEF 

0-225 


«< 02 PUMP • 


EFFICIENCY 

0 . ?29 

HORSEPOWER 

391 . 

SPEED (RPM) 

70123. 

S SPEED 

2103. 

HEAD (FT) 

4137. 

DIA. (IN) 

1 . 92 

TIP SPEED 

587. 

VOL. FLOW 

239. 

HEAD COEF 

0. 38 7 

FLOW COEF 

0.174 


STAGE THREE 


0.62A 

317. 

120203, 

709. 

A0126. 

3.02 

1583. 

279. 

0.515 

0.088 
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62. — SPLIT-EXPANDER CYCLE — 0/F = 12.0 

CWGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 


1250.0 


VAC 

ENGINE THRUST 


15884. 


DEL, 

. VAC . I SP 



396.3 


TOTAL ENGINE FLOW RATE 


40. 1 


THROAT AREA 



6.071 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


12.00 


CHAMBER/NOZZLE 

COOLANT 

DP 

455- 


CHAMBER /NOZZLE 

COOLANT 

DT 

726. 


ETA 

C* 



0.980 


CHAMBER/NOZZLE 

Q 


8431 . 



ENGINE 

STATION 

CONDITIONS 




• FUEL SYSTEM CONDITIONS ■ 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENS I TY 

B.P. INLET 

18.6 

37.4 

3.09 

-107.5 

4.37 

B.P. EXIT 

93.6 

38.9 

3 . 09 

-102.3 

4 .37 

PUMP INLET 

93.6 

38.9 

3.09 

-102.3 

4,37 

1ST STAGE EXIT 

2053.3 

76.4 

3.09 

48.7 

4 .14 

JBV INLET 

2053.3 

76.4 

0.00 

48.7 

4.14 

JBV EXIT 

K97.9 

79.3 

0.00 

48.7 

3.71 

2ND STAGE EXIT 

292A.6 

92.0 

3.09 

114.3 

4 . 12 

PUMP EXIT 

3762.9 

106.9 

3.09 

177.3 

4.11 

COOLANT INLET 

3708.6 

10 7.5 

3.09 

177.3 

4 . 09 

COOLANT EXIT 

32S3.7 

833.8 

3.09 

2909 . 1 

0.67 

TBV INLET 

3212.2 

834.1 

0.52 

2909.1 

0 . 66 

TBV EXIT 

1568.7 

844.6 

0.52 

2909.1 

0.33 

LOX TRB INLET 

3212.2 

B34 . 1 

2.56 

2909.1 

0.66 

LOX TRB EXIT 

28<1A . 1 

814.2 

2,56 

2830.0 

0.61 

H2 TRB INLET 

28<A.l 

814.2 

2.56 

2830.0 

0.61 

H2 TRB EXIT 

1650.5 

726.3 

2.56 

2493.2 

0.41 

H2 TRB DIFF 

163A. 7 

726 .4 

2.56 

2493.2 

0.40 

H2 BST TRB IN 

1620.0 

726.5 

2.56 

2493.2 

0-40 

M2 BST TRB EXIT 

1603.1 

724.8 

2.56 

2486 . 9 

0.40 

M2 BST TRB DIFF 

1599.5 

724.8 

2.56 

2486.9 

0.40 

02 BST TRB IN 

1585.1 

724.9 

2.56 

2486.9 

0.39 

02 BST TRB EXIT 

1576.3 

724.0 

2-56 

2483.4 

0.39 

02 BST TRB DIFF 

1575.7 

724.0 

2.56 

2483.4 

0.39 

H2 TANK PRESS 

18.6 

753.8 

0.0033 

2555.7 

0.0046 

GOX HEAT EXCH IN 

1568.7 

744.5 

2.56 

2555.7 

0 . 38 

GOX HEAT EXCH OUT 

1562.2 

745.6 

2.56 

2552 . 3 

0.38 

MIXER HOT IN 

1562.2 

743.6 

2.56 

2552.3 

0.38 

MIXER COLD IN 

K97.9 

79.3 

0.00 

48.7 

3.71 

MIXER OUT 

U97.9 

744 . 0 

3-08 

2552 . 3 

0.36 

FSV INLET 

l<i97 .9 

744 . 0 

3 . 08 

2552 . 3 

0.36 

FSV EXIT 

1320.1 

745-1 

3 . 08 

2552.3 

0.32 

CHAMBER INJ 

1311.3 

745.1 

3 . 08 

2552 . 3 

0.32 

chamber 

1249 . 9 






« OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B-P. INLET 

16.0 

162.7 

37.06 

61.9 

70.99 

B.P. EXIT 

82.2 

165. 1 

37.06 

62.2 

70.82 

PUMP INLET 

82.2 

165. 1 

57.06 

62.2 

70.82 

PUMP EXIT 

1569.4 

172.9 

37.06 

67.6 

71,01 

02 TANK PRESS 

16.0 

400.0 

0.06 

204 . 7 

0.12 

POSV INLET 

1541.3 

173.0 

2.93 

67.6 

70.9 7 

POSV EXIT 

1308. 1 

173.9 

2.93 

67.6 

70.59 

OCV INLET 

1541.3 

173.0 

34 . 06 

67.6 

70 .97 

OCV EXIT 

1495.2 

173 .2 

34 .06 

67.6 

70.89 

PRIMARY INJ 

1297.4 

173.9 

2 . 93 

67.6 

70.57 

SECONDARY INJ 

1450 .4 

173.3 

34.06 

67.6 

70.82 

CHAMBER 

1249.6 






VALVE DATA 


VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 

JBV 

555. 

0 . 000 

0.00 

0.00 

TBV 

1 643 . 

0.033 

0.52 

16.98 

FSV 

1 78 . 

0 . 600 

3.08 


POSV 

233. 

0.034 

2.95 


OCV 

46 . 

0.193 

34 . 06 



INJECTOR DATA 


• FUEL • - OXID • 


DELP 

MAN 

9. 17 

PRIMARY 
5 . 32 

SECOND 

22.27 

DEEP 

INJ 

52 .07 

4 7.87 

200.45 

AREA 


1 . 14 

0 . 08 

0.43 

FLOW 


3.08 

q j 

34.06 
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TABLE 62. — SPLIT-EXPANDER CYCLE — 0/F = 12.0 (CONTINUED) 


■ TURBOMACHINERY PERFORMANCE DATA - 


« H2 

BOOST TURBINE • 

• H2 BOOST 

PUMP « 

EFFICICNCY 

O.SAA 

EFFICIENCY 

0.608 

HORf^FPOWER 

21 . 

HORSEPOWER 

23. 

SPEED 

(RPM) 

365A1 . 

SPEED (RPM) 

36SAI . 

MEAN DIA 

( IN ) 

1 . 90 

S SPEED 

1856. 

EFF AREA 

( IN2 ) 

1 .AS 

HEAD (FT) 

2A72. 

U/C (IDEAL) 

0.512 

DIA. (IN) 

2.18 

MAX TIP SPEED 

302. 

TIP SPEED 

3A7. 

STAGES 


1 . 

VOL. FLOW 

317. 

DELTA H 

(ACT) 

6 . 30 

HEAD COEF 

0.659 

GAMMA 


1 .AA 

FLOW COEF 

0.132 

PRESS RATIO (T/T) 

) .01 




« H2 TURBINE 

■ 



« H2 PUMP 




STAGE 1 

STAGE 2 


STAGE ONE 

STAGE TWO 

STAGE THREE 








EFFICIENCY 

0.82 7 

0.836 

EFFICIENCY 

0.572 

0.596 

0.598 

HORSEPOWER 

1221 . 

1221 . 

HORSEPOWER 

65 9. 

286. 

275. 

SPEED (RPM) 

1 13796. 

113796. 

SPEED (RPM) 

113796. 

1 13796- 

113796. 

MEAN DIA ( IN ) 

3.A7 

3.A7 

S SPEED 

A99. 

907. 

932. 

EFF AREA ( IN2 ) 

0.21 

0.27 

MEAD (FT) 

67185. 

30A01 . 

29329. 

U/C (IDEAL) 

0.55A 

0.SA8 

DIA. (IN) 

3.68 

3-02 

3.02 

MAX TIP SPEED 

172A. 

172A. 

TIP SPEED 

1831. 

1A99 . 

1A99. 

DELTA M 

172. 

165. 

VOL. FLOW 

3 35. 

336. 

337. 

GAMMA (ACT) 

1 .AA 

1 .AA 

MEAD COEF 

0 . 6A5 

0 .A35 

0.A20 

PRESS RATI0(T/T 

1.33 

1.35 

FLOW COEF 

0.055 

0.110 

0.112 


« 02 

BOOST TURBINE « 

« 02 B(X)ST 

PUMP ■ 

EFFICIENCY 

0 .8 78 

EFFICIENCY 

0.715 

HORSEPOWER 

13. 

HORSEPOWER 

1 3 . 

SPEED 

(RPM) 

107A1 . 

SPEED (RPM) 

107A1 , 

MEAN DIA 

(IN) 

5.21 

S SPEED 

A163. 

EFF AREA 

( IN2 ) 

2.G2 

hCAO (FT) 

135. 

U/C (IDEAL) 

0.512 

OIA. (IN) 

2 .AA 

MAX TIP SPEED 

2AA. 

TIP SPEED 

115. 

STAGES 


1 . 

VOL. FLOW 

235 . 

DELTA H 

(ACT) 

3.50 

HEAD COEF 

0-330 

GAMMA 


1 .AA 

FLOW COEF 

0.238 

PRESS RATIO (T/T ) 

1 .01 




« 02 

TURBINE * 


• 02 PUMP « 


n FICIENCY 

0.807 

EFFICIENCY 

0 . 708 

HORSEPOWER 

28 7. 

HORSEPOWER 

28 7. 

SPEED 

(RPM) 

62881 . 

SPEED (RPM) 

62881 . 

MEAN DIA 

( IN) 

3 .A7 

S SPEED 

2365. 

EFF AREA 

( IN2 ) 

0.25 

HEAD (FT) 

3015. 

U/C 

(IDEAL ) 

0.A29 

DIA. (IN) 

1 . 92 

MAX TIP 

SPEED 

953. 

TIP SPEED 

526. 

STAGES 


1 . 

VOL, FLOW 

23A. 

DELTA H 

(ACT ) 

79.16 

HEAD COEF 

0.350 

GAMMA 


1 .AA 

FLOW COEF 

0.190 

PRESS RATIO (T/T) 

1 ,13 
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TABLE 63. 


FULL-EXPANDER CYCLE WITH REGENERATION - 0/F = 5.0 


ENCIKC PeRFaRKANCE PARAJCTEHS 


chamber pressure U97.1 


VAC 

ENGINE Tt«UST 


16436. 


DEL 

. VAC. ISP 



477. 1 


total ENGiKt FLOW RATE 


34.4 


THROAT AREA 



5.547 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTIKE 

RATIO 


5.00 


CMAMBER/NOZZLE 

COOLANT DP 


772. 


chamber /NOZZLE 

COOLANT OT 


385. 


ETA 

C" 



0.993 


CHAMBER /NOZZLE 

Q 


8653 . 



ENGINE 

STATION CCKUTIOKS 




« fuel : 

SYSTEM C06CITI0KS • 



STATION 

PRESS 

TEMP 

FLOW 

EKTHALPV 

DENSITY 

B.P. INLET 

18.6 

37.4 

5.75 

-107.5 

4.37 

B.P. EXIT 

95.1 

38.4 

5.75 

-103.3 

4 . 39 

PUMP INLET 

95.1 

38.4 

5.75 

-103.3 

4.39 

1ST STAGE EXIT 

1696.7 

61 .4 

5.75 

-2.2 

4.41 

2ND STAGE EXIT 

3281 . 1 

83.3 

5.75 

97.1 

4.45 

PUMP EXIT 

4852.5 

104.2 

5-75 

194.6 

4.50 

COLD REGEN IN 

4801.2 

104.7 

5.75 

194.6 

4.48 

COLD REGEN EX 

4 748.3 

227.5 

5.75 

631.7 

2.79 

COOLANT INLET 

4 748.3 

227.5 

5.75 

631.7 

2. 78 

COOLANT EXIT 

3976.7 

612.3 

5.75 

2136.6 

1 . 06 

TBV INLET 

3938.9 

612.5 

0.86 

2156.6 

t .05 

TBV EXIT 

1 736.3 

624.9 

0.06 

2136.6 

0.49 

LOX TR8 INLET 

5938.9 

612.5 

5.69 

2136.6 

1 . 05 

LOX TRB EXIT 

3570.4 

600.8 

5.69 

2085.7 

0 . 98 

H2 TRB INLET 

3570.4 

600.8 

5-69 

2085 . 7 

0 . 98 

H2 TRB EXIT 

1859.4 

527.2 

5.69 

1784 .8 

0.61 

H2 TRB DIFF 

1829.2 

527.3 

5-69 

1784.8 

0 .61 

H2 BST TRB IN 

1B08 . 7 

527.4 

5.69 

1784.8 

0 .60 

HZ BST TRB EXIT 

1789.7 

526.3 

5.69 

1780.5 

0.59 

HZ BST TRB DIFF 

1 776.4 

526.4 

5.69 

1 780.5 

0.59 

02 BST TRB IN 

1756.4 

526.5 

5.69 

1780.5 

0.58 

02 BST TRB EXIT 

1 747.5 

525.9 

5.69 

1778.3 

0.58 

02 BST TRB DIFF 

1746 . 1 

525.9 

5.69 

1778.3 

0.58 

H2 tank press 

18 . 6 

533.9 0 

.0086 

1781 .8 

0.0066 

GOX MEAT EXCM IN 

1 736.3 

526.9 

5.69 

1781 .8 

0.58 

GOX HEAT EXCM OUT 1727.4 

526.6 

5.69 

1780. 7 

0.57 

HOT REGEN IN 

1 727 .4 

526.6 

5-69 

1780-7 

0.57 

HOT REGEM EX 

1675 . 0 

407.9 

5.69 

1339.2 

0.71 

FSV inlet 

1675.0 

407.9 

5-74 

1339.1 

0 .71 

FSV EXIT 

1631.5 

408.0 

5-74 

1339.1 

0 . 70 

CHAMBER INJ 

1614.5 

408.1 

5.74 

1339.1 

0 . 69 

CHAMBER 

1496.5 






« oxygen system CONDITIONS 

. 


STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. inlet 

16.0 

162.7 

28.76 

61 .9 

70 . 99 

B.P. EXIT 

141 .8 

165.4 

28. 76 

62.4 

70.83 

PUMP INLET 

141.8 

165.4 

28.76 

62 .4 

70.83 

PUMP EXIT 

2965 . 7 

1 79.4 

28.76 

72.5 

7 1,28 

02 tank press 

16 . 0 

400.0 

0.05 

204.7 

0 . 12 

POSV INLET 

2947.0 

1 79.5 

6.21 

72.5 

71 .26 

POSV EXIT 

1 792.8 

184.0 

6.21 

72-5 

69.45 

OCV INLET 

2947 . 0 

179.5 

22-50 

72.5 

71 .26 

OCV EXIT 

1618.5 

184.7 

22-50 

72.5 

69.16 

PRIMARY INJ 

1 738.8 

184.2 

6-21 

72.5 

69 . 56 

SECONDARY INJ 

1596 . 3 

184.8 

22-50 

72.5 

69.12 

CHAMBER 

1497.1 






valve data 




VALVE 

delta p 

AREA 

FLOW 

X BYPASS 


TBV 

2203. 

0.003 

0.06 

1.00 


FSV 

44 . 

1 .5-02 

5.74 



> 

CT 

O 

0- 

1154 . 

0.032 

6.21 



OCV 

1 329. 

0.109 

22.50 




IK ;f.: 

;:tor data 




*• FUEL 

. 

• ox:d ■ 





f=IMARY SECOND 



DELP MAN W. 

63 

.85 11 

.03 



DELP INJ 40. 

78 2M 

. 70 99 

.21 



AREA 3 . 

03 a 

.07 0 

.41 



FLOW S. 

74 ^ 

.'1 22 

.50 
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TABLE 63. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 5.0 

(CONTINUED) 


•• TU<^BOMACHINERV PERFORMANCE DATA ■ 


- KT BOOST TURBINE 


■ M2 BOOST PUMP ■ 


EFFICIENCY 0.779 
HORSEPOWER 34. 
SPEED (RPM) A9528. 
MEAN DIA (IN) 1.34 
EFF AREA CIN2 ) 2.4S 
U/C ( ideal ) 0 .48S 
MAX TIP SPEED 260. 
STAGES I . 
delta H (ACT) 4.26 
GAMMA I . 38 
PRESS RATIO (T/T) 1.01 


EFFICIENCY 

0.765 

HORSEPOWER 

34 . 

SPEED (RPM) 

4452S . 

S SPEED 

3041 - 

HEAD (FT) 

2514. 

DIA. (IN) 

2. )8 

TIP SPEED 

423 . 

VOL . FLOW 

588 . 

HEAD COEF 

0.451 

FLOW COEF 

0.201 


• H2 PUt«» • 


STAGE I STAGE 2 


STAGE OC STAGE TWO STAGE TI«EE 


EFFICIENCY 
H0RSEP06CR 
SPEED (RPM) 
MEAN DIA (IN) 
EFF AREA ( IN2 ) 
U/C (IDEAL) 
MAX TIP SPEED 
DELTA M 

GAMMA (ACT) 
PRESS RAT10(T/T 


0.8S3 
2A25. 
1 18750. 
2.86 
0 .31 
0.503 
1A84 . 
198 . 
1.38 
1 . 34 


0.838 
2423. 
1 18750. 
2 .86 
0.40 
0.491 
1484. 
153 . 
1 .38 
1.37 


EFFICIENCY 
HORSEPOWER 
SPEED (RPM) 
S SPEED 
HEAD (FT) 
DIA. (IN) 
TIP SPEED 
VOL. FLOW 
HEAD COEF 
FLOW COEF 


0.666 
825. 
118750. 
830. 
52380. 
3.44 
1 785- 
585- 
0.529 
0.100 


0.666 
808- 
1 18750. 
837. 
51514 . 
3.44 
1785. 
581 . 
0.520 
0.100 


0.667 
793 . 
I 18750- 
843. 
50562. 
3.44 
1785. 

573 . 
0.510 
0.101 


BIXJST TURBINE « 


» 02 BOOST PUK> 


EFFICIENCY 
mORSEPOWER 
SPEED (RPM) 

MEAN DIA (IN) 
EFF AREA ( IN2 ) 
U/C (IDEAL) 

MAX TIP SPEED 

stages 

DELTA M (ACT) 
GAMMA 

PRESS RATIO (T/T) 


0.861 

18. 

1 1559 . 
3-69 
3.60 
0.514 
186 . 
1 - 

2 .28 
1 . 38 
1 .00 


EFFICIENCY 

0 . 728 

HORSEPOWER 

18 . 

SPEED (RPM) 

1 1559 . 

S SPEED 

2439. 

HEAD (FT) 

256 . 

DIA. ( IN ) 

2 .44 

TIP SPEED 

125 . 

VOL. FLOW 

162 . 

HEAD COEF 

0.542 

FLOW COEF 

0.172 


02 TURBINE • 


EFFICIENCY 

HORSEPOWER 


0.871 

410. 


EFFICIENCY 

HORSEPOWER 


SPEED 

(RPM ) 

742<>5 . 

SPEED (T 

MEAN DIA 

( IN) 

2.86 

S SPEED 

EFF AREA 

( IN2 ) 

0.43 

HEAD ( 

U/C 

( IDEAL ) 

0.542 

DIA. ( 

MAX TIP 

SPEED 

928 . 

TIP SPEED 

STAGES 


1 . 

VOL . FLOW 

DELTA M 

(ACT ) 

50 . 94 

HEAD COEF 

GAMMA 


1 .38 

FLOW COEF 

PRESS RATIO (T/T) 

1 .10 



(FT ) 
( IN ) 


0.727 
4 10. 
74295 . 
1523. 
5703 . 
1 . 93 
627 . 
181 . 
0.467 
0.128 


DELP 

DELT 

AREA 


regenerator DATA 

SIDE HOT SIDE 

52.92 52.38 

22.82 -118.75 

0.40 1.52 

5 .o9 


FLOW 

5.75 

EFFECTIVEF^SS 

0.29 

NTU 

0.43 

CRAT 10 

0 . 97 

CHIN 

20.47 

Pt GFN Q 

2513.80 
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TABLE 64. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 5.5 


ENGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 


lc65 . 9 


VAC 

ENGINE THRUST 


18583 . 


DEL 

. VAC . 1 SP 



4 79.0 


TOTAL ENGINE FLOM RATE 


58.8 


THROAT AREA 



5.547 


NOZZLE AREA RATIO 


1000 . 0 


ENGINE MIXTURE 

RATIO 


5.50 


CHAMBER /NOZZLE 

COOLANT 

DP 

8 18. 


CHAMBER /NOZZLE 

COOLANT 

DT 

457. 


ETA 

C* 



0.993 


CHAMBER /NOZZLE 

Q 


10064 . 



ENGINE 

STATION 

CONDITIONS 




• FUEL SYSTEM CONDITIONS • 



station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

8-P. IM.ET 

18.6 

37.4 

5 . 98 

-107.5 

4.37 

B.P. EXIT 

101 .5 

28.5 

5 . 98 

-102.9 

4.39 

I>C,ET 

101. S 

38 .5 

5 . 98 

-102,9 

4.39 

1ST STAGE EXIT 

1829.4 

62.4 

5 . 98 

6.7 

4.41 

2*C STAGE EXIT 

2S62.3 

87.0 

5-98 

1 14.5 

4.46 

PIR«> EXIT 

5Z78.7 

109.7 

5.98 

220.4 

4.52 

COLO REGEN IN 

S222.6 

1 10. 1 

5 . 98 

220.4 

4 .50 

COLO REGEN EX 

S168.4 

241.7 

5 . 98 

697.7 

2.80 

COOLANT INLET 

SI68 .4 

241 . 7 

5 . 98 

697.7 

2.80 

COOLANT EXIT 

42S0.1 

6 78.2 

5.98 

2281 .6 

1.05 

TBV INLET 

4208.9 

678.5 

0.06 

2281 .6 

1 .04 

TBV EXIT 

1925.1 

692.0 

0.06 

2381 .6 

0.49 

LOX TRB INLET 

4208.9 

6 78.5 

5.92 

2281 .6 

1.04 

LOX TRB EXIT 

2906.2 

665.2 

5.92 

2225. 7 

0.98 

HZ TRB IM.ET 

2906.2 

665.3 

5.92 

2325.7 

0.98 

KZ TRB EXIT 

2058.5 

585.0 

5.92 

1999.0 

0.61 

KZ TRB DIFF 

2025.8 

585.2 

5.92 

1999.0 

0.60 

HZ BST TRB IN 

2002.6 

585.2 

5 . 92 

1999.0 

0.60 

HZ BST TRB EXIT 

1982 . 0 

584. 1 

5.92 

1994,4 

0.59 

KZ BST TRB DIFF 

1968.6 

584.2 

5 . 92 

1 994.4 

0.59 

OZ BST TRB IN 

1946.9 

584 . 3 

5.92 

1994.4 

0.58 

OZ BST TRB EXIT 

1937.2 

583.6 

5.9Z 

1991.9 

0.58 

OZ BST TRB DIFF 

1925.8 

582.6 

5.92 

1991.9 

0.58 

HZ TANK PRESS 

18.6 

594.0 

0 . cca 1 

1«95.8 

0.0059 

COX MEAT EXCH IN 

1925.1 

584.8 

5.92 

1«9S .8 

0.57 

COX HEAT EXCH OUT 

1915.5 

584.5 

5 . 92 

1944.6 

0.57 

MOT REGEN IN 

1915.5 

584 .5 

5 . 92 

1 994.6 

0.57 

MOT REGEN EX 

1858 . 9 

455. 1 

5 . 92 

1512.5 

0.71 

FSV IM_ET 

1858 . 9 

455 . 1 

5.97 

1512.5 

0.71 

FSV EXIT 

1811.8 

455.2 

5.97 

1512.5 

0.69 

CHAMBER INJ 

1792.4 

455.3 

5.97 

1512.5 

0.69 

CHAMBER 

1666.0 






* OXYGEN SYSTEM 

COND I T I ONS 



STATION 

PRESS 

TEMP 

flow 

ENTHALPY 

DENSITY 

B.P. INLET 

16 . 0 

162,7 

52 .88 

61.9 

70.99 

B.P. EXIT 

145.0 

165.4 

52 .88 

62.4 

70 .84 

PUM> H^ET 

145.0 

lt»5.4 

32.88 

62.4 

70.84 

PUMP EXIT 

2006.5 

179.2 

32.88 

72.4 

71.36 

02 TANK PRESS 

16.0 

400.0 

C.06 

204 . 7 

0.12 

POSV I>«_ET 

2982. 1 

179.2 

5 . 92 

72.4 

71 ,52 

PCSV EXIT 

1932.7 

183-4 

5 . 92 

72.4 

69 . 69 

OCV IFCET 

2982.1 

179.2 

26.91 

72 .4 

71.32 

OCV EXIT 

18 28 .6 

185. 7 

2c . 9 1 

72.4 

69.52 

PRIMARY INJ 

1884 .8 

185.6 

5 . 92 

72.4 

69.61 

SECONDARY INJ 

1807. 1 

1B5 . 9 

26.91 

72,4 

69.48 

CHAMBER 

1665.9 






VALVE 

: Data 




VALVE 

DELTA P 

AREA 

*^low 

>; BYPASS 


T5V 

2384. 

0 . 002 

: .06 

I .00 


FSV 

47. 

1 .502 

5 =>7 



POSV 

1048. 

0.052 

5 . 92 



OCV 

1144. 

0.141 

2t. 91 




IN J( CT 

OR DATA 




• FUEL 

. 

• OX ID 

, • 




Pk IMA 

RV 

n 



DELP HAN 19. IZ 

24 . : 

2 

15. t = 



DElJP INJ 108. CA 

218.0 

I 141.1, 



AREA l.OJ 

0 .07 

0.4 1 



FLOW S.9 7 

S . 0 

: 

26.^1 
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TABLE 64. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 5.5 

(CONTINUED) 


« TURBOMACHINERV PERFORMANCE DATA « 


« H2 

BOOST TURBINE « 

» H2 BOOST PUMP 


EFFICIENCY 

0.7 78 

EFFICIENCY 

0. 7bS 

HORSEPOWER 

39. 

HORSEPOWER 

39 . 

SPEED 

(RPM ) 

46313. 

SPEED (RPM) 

463 1 3. 

MEAN DIA 

(IN) 

1 . 34 

S SPEED 

3037 . 

EFF AREA 

( IN2 ) 

2.4S 

HEAD (FT) 

2723. 

U/C (IDEAL) 

0 .48S 

DIA. (INI 

2 . 18 

MAX TIP SPEED 

271 . 

TIP SPEED 

440. 

STAGES 


1 . 

VOL. FLOW 

611. 

DELTA H 

(ACT ) 

4.62 

HEAD COEF 

0.4S2 

GAMMA 


1.39 

FLOW COEF 

0.201 

PRESS RAT 10 (T/T 1 

1 .01 




» H2 TURBINE 

* 



■ H2 PUMP 




STAGE 1 

stage 2 


STACIE ONE 

STAGE TWO 

STAGE Th«EE 








EFFICIENCY 

0 .8S1 

0.639 

EFFICIENCY 

0.666 

0.667 

0.66 7 

HORSEPOWER 

2734. 

2734. 

HORSEPOWER 

927 . 

912. 

9 95. 

SPEED (RPM) 1 

123568 . 

123568. 

SPEED (RPMl 

123568. 

123568. 

12 3568. 

MEAN DIA (IN 1 

2 .86 

2.86 

S SPEED 

828 . 

833. 

838. 

EFF AREA (IN2) 

0.31 

0-40 

KCAD (FT) 

56800. 

55940. 

54985. 

U/C (IDEAL) 

0.500 

0.492 

DIA. (IN) 

3.44 

3.44 

3.44 

MAX TIP SPEED 

1544 . 

1544. 

TIP SPEED 

1857. 

1858 . 

1858. 

DELTA H 

162. 

165. 

VOU. FLOW 

608 . 

602 . 

593. 

GAMMA (ACT) 

1 . 39 

1.39 

►CAO COEF 

0.530 

0.522 

0.513 

PRESS RATIO(T/T 

1 . 34 

1.37 

FLOW COEF 

0.100 

0 .100 

0. 100 


« 02 BOOST TURBINE • 

■ 02 BOOST PUMP 


EFFICIENCY 

0.866 

EFFICIENCY 

0.755 

HORSEPOWER 

21 . 

HORSEPOWER 

21 . 

SPEED (RPM) 

12219 . 

SPEED (RPM) 

12219. 

MEAN DIA (INI 

3.69 

S SPEED 

2705 . 

EFF AREA ( 1N2 1 

3 . 60 

HEAD (FT) 

262. 

U/C (IDEAL) 

0.514 

DIA. (INI 

2.44 

MAX TIP SPEED 

197 . 

TIP SPEED 

130 . 

STAGES 

1 . 

VOL . FLOW 

208 . 

DELTA H (ACT ) 

2 . 48 

HEAD COEF 

0.497 

GAMMA 

1 . 59 

FLOW COEF 

0 . 186 

PRESS RATIO ( T/T ) 

1 . 00 




" 02 TURBINE ' 


■ 02 PUMP « 


EFFICIENCY 

0 .865 

EFFICIENCY 

0 . 737 

HORSEPOWER 

4 66 . 

HORSEPOWER 

468 . 

SPEED (RPM) 

76597. 

SPEED (RPM) 

76597 . 

MEAN DIA ( IN ) 

2 .Be 

S SPEED 

1663 . 

EFF AREA ( IN2 ) 

0.4! 

HEAD (FT) 

577! . 

U/C (IDEAL) 

o.s:: 

DIA. (IN) 

) . 03 

MAX TIP SPEED 

95 7. 

TIP SPEED 

647 . 

STAGES 

1 . 

VOL. FLOW 

207 . 

DELTA H (ACT) 

55.9! 

HEAD COEF 

0.444 

GAMMA 

1 .39 

FLOW COEF 

0.141 

PRESS RATIO (T/T ) 

1.10 




REGewERATOR DATA 


COLD SIDE 
DELP BS.?6 

DELT 1II.S9 

AREA 0.40 

FLOW S . 98 

EFFECT I VFNESS 
NTU 

CRATIO 
CM IN 

REGCN Q : 


0 

0 

I 

21 


8S2 


K)T SIDE 
S6.S6 
- 131 .40 
I -S2 • 


. 28 
.40 
. CO 
. w3 
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TABLE 65. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 6.0 


ENGINE PERFORKAHCE PAftAf^TERS 


chamber pressure 


1764.0 


VAC 

ENGINE THRUST 


70000. 


DEL. 

VAC. ISP 



480.1 


total ENGINE FLOW RATE 


41.7 


THROAT AREA 



5.547 


NOZZLE AREA RATIO 


tMO.O 


ENGINE MIXTURE 

RATIO 


6.00 


chamber /NOZZLE 

COOLANT 

DP 

074. 


CHAMBER/NOZZLE 

COOLANT 

DT 

585. 


ETA 

C« 



0-993 


CHAMBER /NOZZLE 

Q 


11390. 



ENGINE 

STATION 

CtMlITlQNS 




« FUEL SYSTEM CONDITIONS » 



STATION 

PRESS 


FLW 

BOMULPY 

DENSITY 

B.P. If^ET 

18.6 

37.4 

5.96 

-107.5 

4.37 

8.P. EXIT 

100.3 

38.5 

5.96 

-103.0 

4.39 

PUMP inlet 

100.3 

38.5 

5-96 

-103.0 

4.39 

1ST STAGE EXIT 

1882 . 3 

63.9 

5.96 

9-2 

4.41 

ZND STAGE EXIT 

36SI .A 

B8. 1 

5.96 

U9.6 

4.46 

PUMP EXIT 

5AIA.2 

111.2 

5.96 

228.1 

4.53 

COLD RECEN IN 

S3S9 .5 

111.7 

5.96 

228.1 

4.51 

COLD REGEN EX 

5305.2 

263.0 

5.96 

790.2 

2.67 

COOLANT INLET 

5305.2 

263.0 

5,96 

790.2 

2-67 

COOLANT EXIT 

AA31 .2 

767. B 

5.96 

2701 .8 

0.96 

TBV IFCET 

A386 . 0 

768.1 

0.36 

2781 .8 

0-95 

TBV EXIT 

2030.5 

783.1 

fl.36 

2701 .8 

0.46 

LOX TRB IM.ET 

4S86.0 

768.1 

5.60 

7701.8 

0.95 

LOX TRB EXIT 

3984.6 

753.6 

5,60 

2640.8 

0.88 

K2 TRB INLET 

3984.6 

753.6 

5.60 

2640.8 

0.88 

KZ TRB EXIT 

2159.4 

665.3 

5.60 

2288.6 

0.57 

K2 TRB DIFF 

2127.6 

665.5 

5.60 

2288.6 

0.56 

K2 BST TRB IN 

2106.2 

665.6 

5.60 

2208.6 

0.56 

K2 BST TRB EXIT 

2086.3 

664.4 

5.60 

2783.8 

0.55 

HZ BST TRB OIFF 

2072.4 

664.5 

5.60 

2283,8 

0.55 

02 BST TRB IN 

2051 .5 

664.6 

5.60 

2283-8 

0-54 

02 BST TRB EXIT 

2042.2 

663.9 

5.60 

2281.3 

0.54 

02 BST TRB DIFF 

2040.7 

663.9 

5.60 

2281.3 

0.54 

HZ tank press 

18-6 

682.3 

0.0070 

2306.4 

0.0051 

GOX MEAT EXCH IN 

2030.5 

671 . 1 

5.60 

2306.4 

0.53 

GOX MEAT EXCH OUT 

2021 .2 

670.7 

5.60 

2304.9 

0.53 

MOT REGEN IN 

2021 .2 

670 . 7 

5.60 

2304.9 

0.53 

MOT REGEN EX 

1 966.2 

505.4 

5.60 

1707.1 

0.67 

FSV INLET 

1 966.2 

505.4 

5.95 

1707.1 

0.67 

FSV EXIT 

1916.8 

505.6 

5.95 

1707.1 

0.66 

chamber 1 NJ 

1897.5 

505.7 

5.95 

1707.1 

0.65 

chamber 

1764,0 






■ OXYGEN SYSTEM CONDITIONS 

■ 


STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

DENSITY 

B.P. IM-ET 

16.0 

162-7 

35.77 

61.9 

70.99 

fl.P. EXIT 

1 34 .0 

165.3 

35.77 

62.3 

70.84 

PUMP inlet 

134.0 

165.3 

35.77 

k2.3 

70 .84 

PUMP EXIT 

2854.8 

178.4 

35.7 7 

71.9 

71 .34 

02 PRESS 

16.0 

400,0 

0.06 

204.7 

0 . 12 

POSV IH.ET 

2825 . 9 

178.5 

5.32 

71.9 

71.30 

POSV EXIT 

1 979.3 

181.8 

5.3Z 

71.9 

69 . 98 

OCV INLET 

2825.9 

1 78.5 

30.39 

71.9 

71.30 

OCV EXIT 

1982.9 

181.7 

30.39 

71.9 

69.99 

PRIMARY INJ 

1940-0 

181.9 

5.32 

71.9 

69.92 

SECONDARY iNJ 

1943.0 

181.9 

30.39 

71-9 

69.92 

CHAMBER 

1 764.0 






VALVE data 


VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 

TBV 

2356. 

0.016 

0.36 

5.97 

FSV 

4*} . 

1.502 

5.95 


POSV 

84 7. 

0.032 

5.32 


OCV 

843 . 

0. 185 

30.39 



INJECTOR DATA 




» FUEL • 

« 

OXID * 




PR JMARY 

SECCND 

CELP 

MAN 

o 

o 

19.55 

19.88 

DELP 

INJ 

1 ; 3 .49 

1 75 . 97 

178.93 

AREA 


1 .03 

0 . 07 

0.41 

flow 


5.95 

5 . 32 

30. 3« 
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TABLE 65. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 6.0 

(CONTINUED) 


• TURBOMACMIKtftV PERFOS*<ANCE DATA • 


■ H2 BOOST TURBINE « 

« H2 BOOST 

PlfflP • 

EFFICIENCY 

0 .770 

EFFICIENCY 

0.765 

HORSEPOWER 

38. 

HORSEPOWER 

38 . 

SPEED (RPH) 

C60S2. 

SPEED (RPM) 

A60S2. 

^CAN DIA I IN) 

1 .3A 

S SPEED 

3099. 

EFF AREA ( IN2 ) 

2. AS 

HEAD (FT) 

2 68 3 . 

U/C (IDEAL) 

0.A8S 

DIA. (IN) 

2 . 18 

WAX TIP SPEED 

269. 

TIP SPEED 

9 38. 

STAGES 

1 . 

VOL . FLOW 

609. 

DELTA M (ACT) 

A . 79 

HEAD COEF 

0.950 

GAmA 

1.36 

flow COEF 

0.202 

PRESS RATIO (T/T ) 

t .01 




• H2 TURBINE 



■ 

H2 PUMP 

■ 



STAGE 1 

STAGE 2 

STAGE ONE 

STAGE TWO 

STAGE T>«EE 




m i 




EFFICIENCY 

0.839 

0.828 

EFFICIENCY 

0.667 

0.668 

0.668 

HORSEPOftCR 

2792. 

2792. 

HORSEPOWER 

996 . 

931. 

915. 

SPEED (RPH) 129577. 

129577. 

SPEED (RPM) 

129577. 

129577. 

129577. 

rCAH DIA ( IN) 

2 .86 

2.86 

S SPEED 

818. 

823. 

827. 

EFF AREA ( IN2 ) 

0.31 

o 

o 

HEAD (FT) 

58219. 

57358 . 

56915. 

U/C (IDEAL) 

0.980 

0.976 

DIA. (IN) 

3.99 

3 .99 

3.99 

MAX TIP SPEED 

1557. 

1557. 

TIP SPEED 

1872. 

1873. 

1873. 

DELTA H 

176. 

1 76. 

VOL- FLOW 

606. 

599. 

590. 

GAHHA (ACT) 

1 . 36 

1 . 36 

HEAD COEF 

0.539 

0.526 

0.517 

PRESS HATIO(T/T 

1 .39 

1 .37 

FLCN COEF 

0.098 

0.099 

0.099 

• 02 BOOST TURBINE ■ 


■ 02 

BOOST PUMP » 


EFFICIENCY 

0.861 


EFFICIENCY 

0.769 


HORSEPOWER 

20. 


HORSEPOWER 

20 . 


SPEED (RPM) 

12293. 


SPEED 

(RPM) 

12293. 


rCAN DIA (IN) 

3.69 


S SPEED 


3036. 


EFF AREA ( 1 N2 ) 

3.60 


HEAD 

(FT) 

290. 


U/C (IDEAL) 

0.519 


DIA. 

( IN) 

2.99 


KAX TIP SPEED 

198 . 


TIP SPEED 

131 . 


stages 

1 . 


VOL . FLOW 

227. 


DELTA H (ACT) 

2.58 


HEAD COEF 

0.999 


CAFWA 

1 .36 


FLOW COEF 

0.201 


PRESS RATIO (T/T ) 

t . 00 







■ 02 TURBINE - 


» 02 PUMP « 


EFFICIENCY 

0.850 

EFFICIENCY 

0 . 739 

HORSEPOWER 

98 3. 

HORSEPOWER 

983. 

SPEED (RPM) 

76697. 

SPEED (RPM) 

76697. 

MEAN OIA ( IN) 

2.86 

S SPEED 

1803. 

EFF AREA ( IN2 ) 

0.93 

HEAD (FT) 

5990. 

U/C (IDEAL) 

0.505 

DIA. (IN) 

1 .93 

KAX TIP SPEED 

958 . 

TIP SPEED 

697. 

STAGES 

1 . 

VOL. FLOW 

225. 

DELTA H (ACT 1 

60.92 

HEAD COEF 

0.922 

C^AMKA 

1 . 36 

FLOW COEF 

0.159 

PRESS RATIO (T/T) 

1 . 10 




REGEHERATOR DATA 


COLD SIDE 
DELP SA.Tfc 

DELT IS1.37 

AREA O.AO 

FLOW S.9«» 

EFFECTIVENESS 
NTU 

CRATIO 


HOT SIDE 
SS.OS 
-US. 29 
1 .S2- 
S.60 


0.30 
0 .<3 
0.92 


CMIM 20.26 

RFGEN 0 33A9.23 
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TABLE 66, 


FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 6.5 


ENGINE PERFORMANCE PARAMETERS 


chamber pressure 


1764.0 

VAC ENGINE THRUST 


Z0JS6. 

DEL. VAC. ISP 


ABO. S 

TOTAL ENGINE FLOW RATE 


42.5 

THROAT AREA 


S.S4 7 

NOZZLE AREA RATIO 


1000.0 

ENGINE MIXTURE RATIO 


6.50 

CHAMBER /NOZZLE COOLANT 

DP 

884. 

CHAMBER /NOZZLE COOLANT 

DT 

STB. 

eta C" 


0.9^5 

CHAMBER/NOZ^E Q 


1214S. 


ENGINE STATION CONDITIONS 



« FUEL SYSTEM CONDITIONS ■ 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

18 . 6 

37.4 

5-65 

-107.5 

4.37 

B.P. EXIT 

9S .S 

38.4 

5.65 

-103.3 

4.39 

PUMP INLET 

95. S 

38.4 

5.65 

- 103.3 

4.39 

1ST STAGE EXIT 

1804.2 

62.9 

5.65 

4.5 

4 .4 1 

2ND STAGE EXIT 

3498-9 

86. I 

5.65 

110.5 

4.46 

PUMP EXIT 

5184. 6 

108.4 

5.65 

214.5 

4.52 

COLD REGEN IN 

5155.3 

108.8 

5.65 

214.5 

4.50 

COLD REGEN EX 

5085.7 

292.4 

5.65 

91 1.6 

2.40 

COOLANT INLET 

5 085.7 

292.4 

5.65 

911.6 

2.40 

COOLANT EXIT 

4201 .5 

870.3 

5.65 

3060.9 

0.81 

TBV INLET 

4153.7 

870.6 

0.71 

3060.9 

0.80 

TBV EXIT 

2021 . 1 

884.8 

0.71 

3060.9 

0.41 

LOX TRB INLET 

4153.7 

870.6 

4.94 

3060.9 

0.80 

LOX TRB EXIT 

3780.9 

854.6 

4.94 

2995.6 

0.75 

H2 TRB INLET 

3 780.9 

854.6 

4.94 

2995.6 

0.75 

H2 TRB EXIT 

2136.8 

762.9 

4.94 

2632.4 

0,49 

H2 TRB OIFF 

2108.2 

763.0 

4 . 94 

2632.4 

0.49 

H2 BST TRB IN 

2089 . 0 

763.2 

4.94 

2632.4 

0.48 

H2 BST TRB EXIT 

2071.1 

761.9 

4.94 

2627.6 

0.48 

H2 BST TRB DIFF 

2058 . 6 

762.0 

4.94 

2627.6 

0.48 

02 BST TRB IN 

2039-9 

762.1 

4 . 94 

2627-6 

0.47 

02 BST TRB EXIT 

2031 .5 

761 .4 

4.94 

2624.9 

0.47 

02 BST TRB DIFF 

2030.2 

761 .4 

4.94 

2624.9 

0.47 

H2 TANK PRESS 

18.6 

789. 1 

0.0058 

2679.4 

0.0045 

GOX HEAT EXCH IN 

2021 - 1 

776.9 

4.94 

2679.4 

0.46 

GOX HEAT EXCH OUT 

2012. 7 

776.4 

4 . 94 

2677.7 

0.46 

HOT REGEN IN 

2012.7 

776.4 

4 . 94 

2677.7 

0.46 

HOT RECEN EX 

1963.1 

553 . 1 

4 . 94 

1881 . 1 

0 . 62 

FSV INLET 

1 963 . 1 

553.1 

5.64 

1881 . 1 

0 . 62 

FSV EXIT 

1914.4 

553-4 

5.64 

188 1 . 1 

0.60 

CHAMBER INJ 

1895. S 

555.4 

5.64 

188 1 . 1 

0.60 

CHAMBER 

1 764.1 






« OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

36 . 75 

61.9 

70.99 

B.P. EXIT 

117.1 

165.2 

3c. 75 

62.3 

70 .83 

PUMP INLET 

117.1 

165.2 

3c . 75 

62.3 

70 ,83 

PUMP EXIT 

2607.6 

177.3 

3c . 75 

71 . 1 

71.28 

02 TANK PRESS 

16.0 

400.0 

0 . 06 

204.7 

0. 12 

POSV INLET 

2577,0 

177.4 

4.65 

71.1 

71 .23 

POSV EXIT 

1 928.2 

179.9 

4.65 

71.1 

70.22 

OCV INLET 

2577 . 0 

177.4 

32.04 

71 .1 

71 .23 

OCV EXIT 

2006.1 

179.6 

32-04 

71.1 

70.34 

PRIMARY INJ 

1898. 3 

180.0 

4.65 

7 1.1 

70.17 

SECONDARY INJ 

1961.9 

1 79.8 

32.04 

71,1 

70.27 

CHAMBER 

1 764 . 0 






VALVE Data 




VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 


TBV 

2133 . 

0 .056 

0.71 

12-50 


FSV 

49 . 

1 .502 

5.64 



POSV 

649 . 

0.032 

4 .c5 



OCV 

S7l . 

0.238 

32 . 04 




IN 

.it CTDR DATA 




- FUEL 


- OXID 

. 




PRIMARY 

SEO.O 



DELP MAN 1^,65 

14 .9Z 

21 



DFLP INJ m.83 

i: 

: 4 . : 3 19 7.88 



AREA 1.05 


0.0/ 

0.41 



FLOW S.b4 


4.6 5 

32 . C4 
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TABLE 66. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 6.5 

(CONTINUED) 


TORBOMACHI»CRV PERFORHAMCE DATA • 


• M2 BOOST TURBINE « 


■ M2 BOOST PUMP 


EFFICIENCY 

0.750 


EFFICIENCY 

0 . 765 

HORSEPOWER 

34. 


K3RSCPOWER 

34 . 

SPEED (RPM) 

44288. 


SPEED (RPM) 44288 . 

MEAN DIA (INI 

1.34 


S SPEED 

2 987. 

EFF AREA ( IN2 I 

2.45 


fCAO (FT) 

2527. 

U/C (IDEAL) 

0.485 


OIA. (IN) 

2. 18 

MAX TIP SPEED 

259. 


TIP SPEED 

421 . 

stages 

1 . 


VOL. FLOW 

5 78. 

DELTA M (ACT ) 

4.85 


>CAD COEF 

0.459 

GA>«1A 

1.38 


FLOW COEF 

0.199 

PRESS RATIO (T/T ) 

1.01 




■ H2 TURBINE 

* 


■ M2 PUP** ■ 



STAGE 1 

stage 2 

STAGE ONE STAGE TWO 






EFFICIENCY 

0.813 

0.810 

EFFICIEICrY 0.666 

0.667 

HORSEPOWER 

2541. 

2541. 

HOftSEPOICR B62. 

847. 

SPEED (RPM) I2U21, 121121. 

SPEED (RPM) 121121. 

121121. 

rCAN DIA (IN) 

2.86 

2.86 

S SPEED 799. 

804 . 

EFF AREA ( IN2 ) 

0.31 

0.40 

FCAO (FT 1 5585 7 . 

55010. 

U/C (IDEAL) 

0.448 

0.455 

OtA. (IN) 3.44 

3.44 

MAX TIP SPEED 

1513. 

1513. 

TIP SPEED 1821. 

1821 . 

DELTA H 

105. 

179. 

VOL. FLOW 575. 

569, 

GAWA (ACT) 

1.38 

1-38 

FtAD COEF 0.542 

0.534 

PRESS RATIO(T/T 

1.34 

1.37 

FLOW COEF 0.096 

0.096 

» 02 BOOST TURBINE " 


■ 02 BOCrST PUMP 

mm 

EFFICIENCY 

0.842 


EFFICIENCY 

0 . 753 

horsepower 

18. 


K)R3EP0WER 

18 . 

SPEED (RPM) 

11907. 


SPEED (RPM) 

1 1907. 

MEAN DIA ( IN) 

3.69 


S SPEED 

3347. 

EFF AREA (IN2) 

3.60 


»€AO (FT) 

206. 

U/C (IDEAL) 

0.514 


DIA. (IN) 

2.44 

MAX TIP SPEED 

192 . 


TIP SPEED 

127. 

stages 

1 . 


VOL. FLOW 

233. 

delta H (ACT ) 

2.61 


^CAD COEF 

0.4)0 

(iA>»(A 

1.38 


FLOW COEF 

0.213 

PRESS RATIO (T/T ) 

1.00 




• 02 TURBINE 

- 


• 02 PUP** * 


EFFICIENCY 

0 .821 


EFFICIENCY 

0-735 

HORSEPOWER 

457. 


WKSEPOtR 

457 . 

SPEED (RPM) 

74858. 


SPEED (RPM) 

74858 . 

MEAN DIA ( IN) 

2.86 


S SPEED 

1907. 

EFF AREA ( IN2 ) 

0.43 


^€>0 (FT ) 

5030. 

U/C (IDEAL) 

0.468 


DIA. (IN) 

1.93 

MAX TIP SPEED 

935. 


TIP SPEED 

632 . 

stages 

1 . 


VOL- FLOM 

231 . 

DELTA H (ACT) 

65.35 


^CAO COEF 

0.405 

ganka 

1.38 


FLO< COEF 

0.162 

PRESS RATIO ( T/T ) 

1 1.10 





0.668 
832. 
121121 . 

809. 

S4067. 

1821 . 

561 . 
0.525 
0.097 


REGENERATOR D-aTa 


DELP 

DELT 

AREA 

FLOW 

EF*^ECT I VENESS 
NTU 

CRAT 10 
CHIN 
REGEN Q 


COLD SIDE 
A9 . 62 
183.57 
0,40 


5IDE 
40.67 
23.29 
1.52 
4 . 94 


.35 

,50 
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TABLE 67. — FULL-EXPANDER CYCLE WITH REGENERATION - 0/F = 7.0 


EMGINE PERFORMANCE PARAMETERS 


CHAMBER PRESSURE 

VAC ENGINE THRUST 20 ^ 72 . 

DEL, VAC. ISP A77.5 

TOTAL ENGINE FLOW RATE AJ.3 

throat area S.SA7 

NOZZLE AREA RATIO 1000. 0 

EMCIr« MIXTURE RATIO 7.00 

CHAMBER/NOZZLE COOLANT DP 890. 

CHAMBER /NOZZLE COOLANT DT iSO . 

ETA C« 0.988 

CHAMBER /NOZZLE 0 IZ9IA. 


ENGINE STATION CONDITIONS 


• FUEL SYSTEM CONDITIONS ■ 


STATION 

PRESS 

TE»ff» 

FLOW 

EKTHALPV 

DENSITY 

B.P. I^O^ET 

18.6 

37.6 

5.62 

-107.5 

6.37 

B.P. EXIT 

91.8 

38.6 

5.62 

-103.5 

6.39 

PUMP INLET 

91.8 

38.6 

5.62 

-103.5 

6 . 39 

1ST stage EXIT 

17A8.8 

62.2 

5,62 

1.2 

6.61 

ZNO STAGE EXIT 

5390.2 

86.8 

5.62 

106.1 

6.65 

Pl#*» EXIT 

S020.7 

106.5 

5.62 

205. 1 

6.51 

COLD REGEN IN 

6975.5 

106.9 

5.62 

205.1 

6.69 

COLD REGEN EX 

6929. 1 

316.9 

5 .62 

1013.2 

Z.20 

COOLANT inlet 

6929 . 1 

316.9 

5.62 

1013.2 

2.20 

COOLANT EXIT 

6058.9 

967.2 

5.62 

3597.2 

0.71 

TBV INLET 

5988 .8 

967.5 

0.95 

5597.2 

0.70 

TBV EXIT 

2015.6 

981.1 

0.95 

5597 .2 

0.37 

LOX TRB INLET 

5988.8 

967-5 

6.67 

5397.2 

0.70 

LOX TRB EXIT 

5657.6 

950.2 

6,67 

3328 .2 

0.66 

M2 TRB INLET 

5657.6 

950.2 

6.67 

3328.2 

0.66 

M2 TRB EXIT 

2121.5 

SS3.8 

6 .67 

2956.2 

0.66 

H2 TRB DIFF 

2095.2 

853.9 

6.67 

2956 .2 

0.66 

H2 BST TRB IN 

2077.7 

856.0 

6.67 

2956-2 

0.63 

H2 BST TRB EXIT 

2061.2 

852.8 

6.67 

296 9.3 

0.65 

HZ BST TRB DIFF 

2069.7 

852.8 

6.47 

2969.3 

0.63 

02 BST TRB IN 

2052.7 

852.9 

6.67 

2969.3 

0.62 

02 BST TRB EXIT 

2025 .0 

852.3 

6.67 

2966.6 

0.62 

02 BST TRB DIFF 

2023 .8 

852.3 

6.67 

2966.6 

0.62 

H2 TANK PRESS 

18 . 6 

887.8 

0.0069 

3025.5 

0.0039 

GOX MEAT EXCH IN 

2015-6 

876.7 

6 .67 

3025.5 

0.61 

GOX MEAT EXCH OUT 

2007 .8 

8 76.2 

6.67 

3023.6 

0.61 

HOT REGEN IN 

2007.8 

8 76.2 

6 .67 

3023.6 

0.61 

HOT REGEN EX 

1962 . 1 

597.9 

6.67 

2063.9 

0.57 

FSV INLET 

1962.1 

597.9 

5 .61 

2063.9 

0.57 

FSV EXIT 

1913.6 

598.2 

5.61 

2063.9 

0.56 

chamber inj 

1896 . 9 

598.3 

5 .61 

2063 .9 

0.56 

chamber 

1766.2 






* OXYGEN SYSTEM 

CONDITIONS 



STATION 

PRESS 

TEMP 

FLOW 

enthalpy 

DENSITY 

B.P. I>4_ET 

16.0 

162.7 

37.95 

61 .9 

70.99 

B.P. EXIT 

101.6 

165.2 

3 7.95 

62.2 

70.82 

PUMP inlet 

101.6 

165.2 

37.95 

62.2 

70.82 

PUMP EXIT 

2379 .8 

176.6 

57.95 

70.6 

71 ,20 

02 tank PRESS 

16.0 

600.0 

0 . 06 

206 . 7 

0.12 

POSV INLET 

2367.2 

I 76.5 

3 , 96 

70.6 

71 . 15 

POSV EXIT 

1880 . 9 

178.3 

5 . 96 

70.6 

70.62 

OCV INLET 

2367.2 

176.5 

35 . 96 

70.6 

71.15 

OCV EXIT 

2036.5 

177.7 

33 . 96 

70.6 

70.66 

PRIMARY INJ 

1859.6 

178.6 

5 . 96 

70.6 

70.39 

secondary inj 

1985.1 

177.9 

35.96 

70.6 

70.58 

chamber 

1763.6 






valve DATA 




VALVE 

DELTA P 

AREA 

FLOW 

t BYPASS 


TBV 

1973. 

0.053 

0 . 95 

17.51 


FSV 

68 . 

I .502 

5.61 



POSV 

6 66. 

0.032 

3.96 



OCV 

J 13. 

0.560 

3 3.96 




INJf 

CTOft DATA 




■ FUEL. 

. 

* OX ID 

1 . 




pw ! 

-ARY 

SECOND 



DELP MAN 19.<iS 

»8 

26.56 



OELP INJ IU.S4 


58 2 

21.10 



AREA l.Oi C 

.07 

0.6 1 



FLOW S.M 


. 36 

53 . 96 




232 


TABLE 67. - FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 7.0 

(CONTINUED) 


* TURBOMACHINERV PERFORMANCE DATA •• 


« HZ BOOST TURBIKt • 


■ H2 BOOST PUMP 

m 


EFFICIENCY 

0. 75A 


EFFICIENCY 

0.765 


hors£poi«:r 

31 . 


HORSEPOWER 

31 . 


SPEED (RPM) 

42920, 


SPEED (RPMl 

42920. 


MEAN DlA (IN) 

1.34 


S SPEED 

2940. 


EFF AREA ( IN2 ) 

2.45 


HEAD (FT) 

2406 . 


U/C ( I DEAL ) 

0.485 


DIA. UN) 

2.18 


MAX TIP SPEED 

251 . 


TIP SPEED 

408. 


STAGES 

1 . 


VOL. FLOW 

554. 


DELTA H (ACT) 

4.90 


HEAD COEF 

0.465 


GAMMA 

1.40 


FLOW COEF 

0.197 


PRESS RATIO (T/T) 

1.01 





■ K2 TURBINE 



« M2 PUMP ■ 




STAGE 1 

STA(3E 2 

STACt ONE STAGE TWO 

STAISE THREE 







EFFICIENCY 

0.792 

0.795 

EFFICIENCY 0.665 

0.666 

0.667 

HORSEPOCR 

2365. 

2365. 

HORSEPOWER 802. 

789. 

774. 

SPEED (RPM) U8602. 1 

118602. 

SPEED (RPM) 118602. 

118602. 

118602. 

DlA (IN) 

2.86 

2.86 

S SPEED 784 . 

790- 

795. 

EFF AREA (IN2) 

0.31 

o 

o 

HEAD (FT) 54197. 

53348. 

52410. 

U/C ( I DEAL ) 

0.425 

0.4 38 

DIA. (IN) 3.44 

3.44 

3.44 

MAX TIP SPEED 

1482. 

1482. 

TIP SPEED 1783. 

1783. 

1783. 

DELTA H 

192. 

182. 

VOL. FLOW 552. 

54 7, 

539. 

GAt9^A (ACT) 

1.40 

1 .40 

HEAD COEF 0.549 

0.540 

0.530 

PRESS RATIO(T/T 

1 . 34 

1.37 

FLOW COEF 0.094 

0.095 

0.095 

■ 02 BOOST TURBINE • 


■ 02 BCXJST PUMP 

■ m 
m 


EFFICIENCY 

0.826 


EFFICIENCY 

0.721 


HORSEPOWER 

1 7. 


HORSEPOWER 

17. 


SPEED (RPM) 

1 1574 . 


SPEED (RPM) 

11574. 


MEAN OlA ( IN) 

3.69 


S SPEED 

3743. 


EFF AREA ( IN2 ) 

3.60 


HEAD (FT) 

174. 


U/C (IDEAL) 

0.514 


OIA. (IN) 

2.44 


MAX TIP SPEED 

186. 


TIP SPEED 

123, 


STAGES 

1 . 


VOL. FLOW 

241 . 


DELTA H (ACT) 

2 . 64 


HEAD COEF 

0.368 


(^AMMA 

1 .40 


FLOW COEF 

0.226 


PRESS RATIO (T/T) 

1 . 00 





• 02 TURBINE 

- 


■ 02 PUMP ■ 



EFFICIENCY 

0.796 


EFFICIENCY 

0.729 


HORSEPOkCR 

436 . 


HORSEPOWER 

436. 


SPEED (RPM) 

75352 . 


SPEED (RPM) 

73352 . 


MEAN DIA ( IN) 

2 .86 


S SPEED 

2029 , 


EFF AREA ( IN2 ) 

0.43 


HEAD (FT) 

4607 . 


U/C (IDEAL) 

0.440 


OIA. (IN) 

1.93 


MAX TIP SPEED 

917. 


TIP SPEED 

619 . 


STAGES 

1 . 


VOL. FLOW 

259. 


DELTA H (ACT) 

68. 96 


HEAD COEF 

0.387 


GAMMA 

1.40 


FLOW COEF 

0.171 



PRESS RATIO ( T/T ) I . 10 


REGEK€RATOR DATA 


DELP 
DELT 
AREA 
FLOW 
EFTECTIVENESS 
NTU 

CRATIO 
CHIN 
RECEN Q 


HOT SIDE 
AS. 68 
-276. 2S 
1.5? 
A.A7 

0.26 
O.SS 
0 . 76 
IS .85 
AJ77.96 


COLD SIDE 
A6.2D 
210.01 
0 .AO 
S.A2 
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TABLE 68. — FULL-EXPANDER CYCLE WITH REGENERATION — 0/F - 12.0 


ENGINE PERFORHANCC PAftAHETERS 


CHAMBER PRESSURE 


1140.0 


VAC 

ENGINE THRUST 


13A7A . 


DEL. 

VAC. ISP 



396.3 


TOTAL ENGINE FLOM RATE 


3A.0 


THROAT AREA 



S-5A7 


NOZZLE AREA RATIO 


1000.0 


ENGINE MIXTURE 

RATIO 


12.00 


CKAMBER/MOZZLE 

COOLANT 

DP 

A17. 


CHAMBER/MOZZLE 

COOLANT 

or 

793. 


ETA 

Cm 



0.980 


CHAMBER /NOZZLE 

Q 


7296 . 



ENGINE 

STATION 

COMHTIONS 




• FUEL SYSTEM CO»€IITIONS • 



station 

PRESS 

TEMP 

FLOW 

ENTHALPY 

DENSITY 

B.P. INLET 

18 . 6 

37. A 

2-62 

-107. S 

A. 37 

B.P. EXIT 

61 .S 

38.1 

2.62 

-IOA.7 

A .37 

PUHP INLET 

61.5 

38.1 

2.62 

-10A.7 

A. 37 

1ST STAGE EXIT 

13S2.<i 

61.9 

2.62 

-9.1 

A. 23 

2NO STAGE EXIT 

2599.2 

8A.I 

2.62 

83. 6 

A. 1 7 

PUMP EXIT 

3813.5 

105. A 

2.62 

173-9 

A. 16 

CXILD REGEN IN 

3802.0 

105.5 

2.62 

173.9 

A. 16 

COLD REGEN EX 

3 788 .2 

6A2.8 

2.62 

22A3.A 

0.98 

COOLANT INLET 

3788.2 

CO 

2.62 

22A3.A 

0.98 

COOLANT EXIT 

3371 .4 

IA36.2 

2.62 

5031.2 

O.Al 

TBV INLET 

3351 .A 

1A36.A 

0.01 

5031.2 

O.Al 

TBV EXIT 

2350.0 

1AA3.9 

0.01 

5031.2 

0.29 

LOX TRB IKCET 

3351. A 

1A36.A 

2.60 

5031.2 

O.Al 

LOX TRB EXIT 

31A6.7 

U20.6 

2.60 

A969.8 

0-39 

KZ TRB INLET 

31A6.7 

1A20.6 

2.60 

A969.8 

0.39 

K2 TRB EXIT 

2399.2 

13A7.0 

2.60 

A689.7 

0.32 

H2 TRB DIFF 

2386.8 

13A7.1 

2.60 

A689. 7 

0.52 

H2 BST TRB IN 

2378,7 

13A7.2 

2.60 

A689. 7 

0-32 

H2 BST TRB EXIT 

2371.0 

13A6.A 

2.60 

A686.9 

0.32 

HZ BST TRB DIFF 

2365.7 

13A6.S 

2.60 

A686.9 

0.32 

OZ BST TRB IN 

2357.9 

13A6.5 

2.60 

A686.9 

0.31 

02 BST TRB EXIT 

235A.3 

ISA6.1 

2.60 

A685.3 

0.31 

02 BST TRB DIFF 

2353.8 

13A6.1 

2.60 

A685.3 

0.31 

H2 TANK PRESS 

18.6 

136A.6 

0.0015 

A687.1 

0.0026 

GOX HEAT EXCH IN 

2350.0 

13A6.6 

2.60 

A687.1 

0.3 1 

GOX HEAT EXCH OUT 

23A6.6 

13AS.B 

2.60 

A68A.3 

0.31 

HOT REGEN IN 

25A6.6 

13A5.8 

2.60 

A68A . 3 

0.31 

HOT REGEN EX 

2326.5 

753,7 

2.60 

260A. 1 

0 -SA 

FSV INLET 

2326.5 

753.7 

2.62 

260A . 1 

0.5A 

FSV EXIT 

1227. 1 

760. A 

2.62 

260A. 1 

0,29 

CHAMBER INJ 

1218.7 

760. A 

2.62 

260A. 1 

0,29 

chamber 

1160.0 






■ OXYGEN SYSTEM 

1 CONOITIOMS 

. 


STATION 

PRESS 

TEMP 

FLOM 

ENTHALPY 

DENSITY 

B.P. INLET 

16.0 

162.7 

31 .AA 

61.9 

70 .99 

B.P. EXIT 

52. 1 

16A.9 

31. AA 

62.1 

70.81 

PUMP INLET 

52.1 

16A.9 

31 .AA 

62.1 

70.81 

PUMP EXIT 

IA60 . 1 

172.1 

31 -AA 

67. 1 

71 . OA 

02 tank PRESS 

16.0 

AOO.O 

0.05 

20A. 7 

0.12 

POSV INLET 

IA37.7 

172.2 

2.72 

67.1 

71 .00 

POSV EXIT 

1215.5 

173.0 

2.72 

67.1 

70 ,6A 

OCV INLET 

1A37. 7 

172.2 

28. 67 

67 . 1 

71.00 

OCV EXIT 

1352. A 

172-5 

28 .67 

67.1 

70 .86 

PRIMARY INJ 

1205. A 

173.0 

2.72 

67.1 

70.62 

SECONDARY INJ 

1317.2 

172.6 

28.67 

67.1 

70 .81 

CHAMBER 

1 159.8 






VALVE DATA 


VALVE 

DELTA P 

AREA 

FLOW 

X BYPASS 

TBV 

1001 , 

0.001 

0.01 

O.Sl 

FSV 

1099. 

0.100 

2.62 


POSV 

2ZZ . 

0.032 

2.72 


OCV 

8S. 

0. 18A 

28 . 67 



INJECTOR DATA 




• FUEL • 

, 

oxio • 




PRIMARY 

SECOND 

DELP 

MAN 

8.71 

S.06 

17. A7 

DELP 

INJ 

50. OS 

AS S." 

1S7.23 

AREA 


1 .03 

0.07 

O.Al 

FLOW 


2.62 

2 . 7 ? 

28.67 
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TABLE 68. - FULL-EXPANDER CYCLE WITH REGENERATION — 0/F = 12.0 

(CONTINUED) 


« TURBOMACHINERY PERFORMANCE DATA ■ 


• H2 BOOST TURBINE • 

« H2 BOOST 

PIR«» ■ 

EFFICIENCY 

0.659 

EFFICIENCY 

0.64 7 

HORSEPOWER 

10. 

HORSEPOWER 

10. 

SPEED (RPM) 

28590 . 

SPEED (RPH) 

28390. 

MEAN OlA ( IN) 

1 .3A 

S SPEED 

2020. 

EFF AREA ( IN2) 

2 . A5 

MEAD (FT) 

1412. 

U/C (IDEAL) 

0.A85 

DIA. (IN) 

2.18 

MAX TIP SPEED 

166. 

TIP SPEED 

270- 

STAGES 

1 . 

VOL. FLOW 

269. 

DELTA H (ACT) 

2.82 

HEAD COEF 

0.623 

GAMMA 

1 .36 

FLOW COEF 

0.144 

PRESS RATIO (T/T) 

1 .01 




■ M K » N M H a ■ ■ ■ aaaaaaavYaa 

■ H2 TURBIKC * " H2 PUMP • 



STAGE 1 

STAGE 2 


STAGE ONE 

STAGE TWO 

STAGE TWEE 








EFFICIENCY 

0.740 

0.78 9 

EFFICIENCY 

0.585 

0.593 

0.597 

HORSEPOWER 

1032. 

1032. 

HORSEPOWER 

354. 

343, 

334. 

SPEED (RPM) 

98658. 

98 658 . 

SPEED (RPM) 

98658. 

986S8. 

98658. 

MEAN DIA ( IN) 

2.86 

2 .86 

S SPEED 

545. 

557. 

565. 

EFF AREA ( IN2 ) 

0.31 

0.40 

HEAD (FT) 

43535. 

42777- 

41976. 

U/C (IDEAL) 

0.580 

0.4 38 

DIA. (IN) 

3.44 

3.44 

3.44 

MAX TIP SPEED 

1233. 

1233. 

TIP SPEED 

1483. 

1483. 

1483. 

DELTA H 

155. 

125. 

VOL. FLOW 

278. 

282. 

282. 

GAMMA (ACT ) 

1 .36 

1 . 36 

HEAD COEF 

0.637 

0.626 

0.614 

PRESS RATIO(T/T 

1 .34 

1.37 

FLOW COEF 

0.057 

0.059 

0.060 


« 02 BOOST TURBINE » • 02 BOOST PUf«» • 


EFFICIENCY 

0.798 

EFFICIENCY 

0.715 

nORSEPOWER 

6. 

HORSEPOWER 

6. 

SPEED (RPM) 

8579 . 

SPEED (RPM) 

8579. 

MEAN OlA ( IN) 

3 .69 

S SPEED 

4819. 

EFF AREA ( IN2 ) 

3.60 

HEAD (FT) 

74 - 

U/C (IDEAL) 

0.514 

OIA. (IN) 

2.44 

MAX TIP SPEED 

138 . 

TIP SPEED 

91 . 

STAGES 

1 . 

VOL. FLOW 

199. 

DELTA M (ACT) 

1 . 60 

HEAD COEF 

0.283 

GAMMA 

1.36 

FLOW COEF 

0.253 

PRESS RATIO (T/T ) 

1 . 00 



• 02 TURBINE • 


• 02 PUMP • 



EFFICIENCY 

0.694 

EFFICIENCY 

0.721 

HORSEPOWER 

226. 

HORSEPOWER 

226. 

SPEED (RPM) 

58806. 

SPEED (RPM) 

58806 . 

MEAN DIA ( IN > 

2.86 

S SPEED 

2123. 

EFF AREA C 1N2 ) 

0.43 

HEAD (FT) 

2854. 

U/C (IDEAL) 

0.349 

DIA. (IN) 

1.93 

MAX TIP SPEED 

735. 

TIP SPEED 

496 . 

STAGES 

1 . 

VOL. FLOW 

199. 

DELTA H (ACT) 

6) .39 

HEAD COEF 

0.373 

GAMMA 

1.36 

FLOW COEF 

0.177 

PRESS RATIO (T/T ) 

1 .07 




REGENERATOR DATA 


COLD SIDE HOT SIDE 

DEEP 15.85 20.11 

DELT 557.32 -5«2.10 

AREA O.AO 1.52 

FLOM 2.o2 2.60 

EFFECTIVENESS 0.A8 

NTU 0.56 

CRATIO 0.51 

CHIN 5.15 

RECEN 0 5<15.5A 


235 



REPORT DOCUMENTATION PAGE 


Form Approved 
0MB No. 0704’0188 


Public report«r>g burden for this collection of information is estimated to average 1 hour per response, including the time tor reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collect bn of information. Send comments regarding this burden estimate or any other aspect of this 
collectbn of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Informatbn Operations and Reports. 1 21 5 Jefferson 
Davis Highway. Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 


1. AGENCY USE ONLY (Leave blank) 


4. TITLE AND SUBTITLE 


2. REPORT DATE 

June 1993 


3. REPORT TYPE AND DATES COVERED 

Final Contractor Report 


5. FUNDING NUMBERS 


Advanced Engine Study Program 


6. AUTHOR(S) 


A.I. Masters, D.E. Caller, T.F. Denman, R.A. Shied, J.R, Black, 
A.R. Fierstein, G.L, Clark, and B.R. Branstrom 


WU-593-12-11 

C-NAS3-23858 


7. PERFORMING ORGANIZATION NAME(S) AND ADDRES5{ES) 

Pratt & Whitney 

Government Engines & Space Propulsion 
P.O. Box 109600 

West Palm Beach, Florida 33410-9600 


9. SPONSORING/MONtTORING AGENCY NAME(S) AND ADDRESS(ES) 

National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135-3191 


8. PERFORMING ORGANIZATION 
REPORT NUMBER 


E-7909 


10. SPONSORING/MONITORING 
AGENCY REPORT NUMBER 


NASA CR-187217 


11. SUPPLEMENTARY NOTES 


Project Manager, G. Paul Richter, Space Propulsion Technology Division, (216) 977-7537. 


12a. DISTRIBUTION/AVAILABILITY STATEMENT 


12b. DISTRIBUTION CODE 


Unclassified - Unlimited 
Subject Category 20 


13. ABSTRACT (Maximum 200 words) 

A design and analysis study was conducted to provide advanced engine descriptions and parametric data for space 
transfer vehicles. The study was based on an advanced oxygen/hydrogen engine in the 7,500 to 50,000 Ibf thrust range. 
Emphasis was placed on defining requirements for high-performance engines capable of achieving reliable and versatile 
operation in a space environment. Four variations on the expander cycle were compared, and the advantages and 
disadvantages of each were assessed. Parametric weight, envelope, and performance data were generated over a range of 
7,500 to 50,000 Ib thrust and a wide range of chamber pressure and nozzle expansion ratio. 


14. SUBJECT TERMS 


Rocket performance; Parametric rocket data; Expander cycle engines; 
Oxygen/hydrogen engines; Space propulsion; Liquid propellant rockets 


17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 


18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 


19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 


15. NUMBER OF PAGES 

236 


16. PRICE CODE 

All 


20. LIMITATION OF ABSTRACT 


Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298 102 



















National Aeronautics and 
Space Administration 


FOURTH CLASS MAIL 


Lewis Research Center ADDRESS CORRECTION REQUESTED 

Cleveland, Ohio 44135 

R ! J.h l Cz Y~ 

Official Business 

Penalty lor Private Use $300 






